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PREFACE 

This  User Guide is ruba i t ted  t o  the  National Aeronautics and Space 
Administratioa's  George 5 ,  Harshall  Space F l igh t  Center, Huatsvi l le ,  
Alabaau, i n  response t o  t h e  c o i t r a c t  provisions of de l iverable  items 
asroc ia ted  with S t r u c t u r a l  Dynamics Payload Loads E 8 t I m & t 1 ~ 6 ,  Contract 
Number NAS8-33556. 

The study took place during t h e  period from August 1979 to October 
1982 under the d i r e c t i o n  of Hr .  W. Holland of MSFC, Huntsvi l le ,  Alabama. 

During t h i s  t h ree  year period the  following documents were produced: 

1. Methodology Assearlrent Report 
August 1980, HCR-80-553 

2. Methodology Development Report 
August 1981, MCR-81-602 

3. Final Report 
September 1982, HCR-82-601 

4. User Guide 
September 1982, MCR-82-602 

5 .  Monthly Progress Reports 

The F ina l  Report together with the User Guide are intended t o  be 
Chapter I of the U&er Guide d e a l s  with an l a r g e l y  eelfcontained. 

overview of an In tegra t ion  Scheme t o  Determine the Response of a Launch 
Vehicle with Multiple Payloads. Chapter 11 discusses  the software 
package associated with t h e  In tegra t ion  Scheme together  with seve ra l  
sample problems. We also discuss  the  rhort-cut  vers ion of the above 
mentioned i n t e g r a t i o n  technique. 
of references and t h e  l i s t i n g s  of t h e  subroutines. 

This User Guide concludes with a l is t  

The author wishes t o  thank D. Devcrs, H. Harcrow and G. Morosow f o r  
t h e i r  construct ive comments and f o r  reviewing p a r t s  of t he  manuscript. 
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CHAPTER I: An In tegra t ion  Scheme t o  Deternine t h e  Rarpoare of a b u n c h  
Vehicle with Multiple P8ylo8dr. 

1. INTRODUCTION 

In ChrpterIIfof Structur81 D y a u n i C 8  P8ylo.d Load8 B i t  imate8, Fin81 
Report, June 1982, we di rcur red  i n  d e t 8 i l  8 d i r e c t  numeric81 in tegr8 t ion  
schema t o  deternine the  rerponre of a launch vehicle  with ravrral 
p8yloadr. Tlte objec t ive  of t h i r  chapter  i r  t o  b r i e f l y  raview t h e  
der iv8t ioa  of t h i o  in t eg ra t ion  acheme. This will help UE to  underrt8nd 
the  development of the  8oftw8re p8Ck8geS t o  be d i rcur rad  i n  h 8 p t e r  11. 
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ORIGINAL PWGE 
OF POOR QUALiTY 

2- TliE EQUATIONS OF MOTION - 
The objec t ive  of t h i s  s ec t ion  is t h e  der iva t ion  of  t h e  equations of  

amtion of the  launch vehicle/payload(s) system. 
body d iag ram of the  booster B and t h e  payloads P1 and P2. The booster 
and t h e  payloads are connected t o  each o t h e r  through t h e  in te r face .  WC 
a l s o  consider superfluous i n t e r f a c e  coordinates. Indeed, o f t e n  t h e  
booster i n t e r f a c e  contains more degree8 of freedom than is necessary t o  
a t t a c h  the  payloads. 
organization provides a set of i n t e r f a c e  r e s t r a ined  booster vodes which 
can be used t o  a c c o r o d a t e  many d i f f e r e n t  payload c m f i y r a t i o n s .  
would be p r o t i b i t i v e  t o  r eca l cu la t e  a set of cant i levered  launch vehic le  
rode6 every time the  in t e r f ace  with t h e  payloads changer. 

Figure 1 s h w r  t h e  f r e e  

The reason f o r  t h i s  i s  that t h e  boor t e r  

It 

Prom the f r e e  body diagraam i n  Figure '1 ve can e a s i l y  write t h e  
uncoupled equations of motion f o r  t h e  booster B and the  payloads Pl and 
P2. 

Sever.rl well known prosedurer exist t o  couple the  above th ree  
The objec t ive  is t o  e l imina te  the  redundant i n t e r f a c e  equationsL. 

dirplacements and i n  the  process a l s o  t h e  unknown reac t ion  vectors.  
such technique uses so-called"canti1evered" booster and payload 
displacements4. 
t he  vectors {Xg) , f Xpy) , iXp2) , { P B ~  e t c .  as follows: 

One 

To set t h e  s tage ,  le t  us note t h a t  we can p a r t i t i o n  

c%3 * xPl n {$d 
xI1 

2 
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I--4 

Similar partitions can be written for the v e l o c i t i e s  and the 
accelerations. 
forces only act at the non-interface booster degrees of freedom. 
assumption i s  only made for convenience. 
t h i s  

In the  above equations w e  assumed that the external 
This 

Also it should be noted that 

Figure3 Free-Body Diagrams o f  Booster B 
and Payloads P1 and P2 -___ _I_I _ _ -  - - - . -_--I- 



we can form the following transformation, 

- 
i o2 - L,, 
I 

' I ' 6  
I 

1 
- -7- - -  

1 

I .J 
I IP2  

. 
% '  

xPl 

xP2 

where, 

= P 

-4 5 I1  
0 1  0 7- 0 0  ;I I (BXIF) , 

( lxIFl) 

x; * 
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( PlxIFl) , = [-:I (PlxNP1) 
I P l  

NOTE : - 
I F  - IF1 + ZT.2 + IFS 
B = NB + IF 

P1 = NP1 + IF1 

P2 - Np2 + NP2 

a l s o ,  t he  zero matrices 0 1’ O2d O4, OIj, O7S O s ,  OgS O 1 0 3  

and 014 have dimensions BxNPL, BxNP2, NPlxIF2, NPlxIFS, ‘11’ ‘12’ ‘13’ 

PlxNB, YLxNP2, IFlxIF2, IFlxIFS, NP2xIF1, NP~xIFS, P ~ x N B ,  P2xNP1, 

IF2xIF1 and IF2xIF2 respect ively.  

Taking i n t o  account t h a t  the  reac t ions  between in t e r f aces  are equal 
but opposite w e  can s u b s t i t u t e  t ransformation ( 5 )  i n t o  Equation (1) and 
then p re lnu l t ip ly  by the  transpose of t h e  transformation matrix. This 
w i l l  e l iminate  the  redundant i n t e r f ace  displacement vec tors  as well as 
t h e  reac t ion  vectors.  
equations of motion and can be wr i t t en  as: 

The r e su l t i ng  equations are the  coupled d i s c r e t e  

5 



where, 

P -  

0 

and it can be shewn t h a t  [I',KBTB] , [IilKplTpJ 

T T 
and [Ip2Kp2Tp2] always vanish and [TBKBTB] [TilKplTpJ and 

[Tt2S2Tp2] vanish when the  corresponding in tdr face  is detenninatR 

Next, we can introduce t h e  in t e r f ace  res t ra ined  modes, i.e. 

These modes can be t runcated according t o  a predetermined cu t -o f f  
frequency, thereby reducing the  size of Equation ( 7 ) .  
t h e  in te r face  eigenvalue problem f o r  [MI ] and [ K J I ) ,  t o  get  the  
in t e r f ace  modes PI] and frequencies [Gi~i. Subs t i t u t ing  Equations 
( 9 )  i n t o  equations ( 7 )  and introducing t h e  i n t e r f ace  modes we obta in :  

Also, we can solve 

ORIGINAL PX,E IS 
OF POOR QUALITY 
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0 

0 

0 I 0 
I 

I 

- 

Note that we introduced modal damping. Although the booster and the 
payload modes can be truncated, i t  i s  imperative not t o  truncate any 
interface def in i t ion .  This i s  of special significance when the interface 
modes are introduced. The motivation for t h i s  w i l l  be explained la ter .  

7 



3. THE NUMERICAL INTEGRATION SCHEME 

A c o m n  approach t o  the  so lu t ion  of Equation (10) i s  t o  decouple 
theoe equations by solving an undaaped eigenvalue problem for  t h e  set of 
system equations. 
problem we  s h a l l  a t tempt  t o  d i r e c t l y  numerically in t eg ra t e  Equation (101. 
The spec ia l  s t r u c t u r e  of Equation (10) may lead t o  a very economical 
solution. Indeed, t h e  only time consuming operations involve t h e  
matrices [B] and [ P I  . However, both those matrices have rov 
dimensions equal t o  I F  which I i ua l ly  is r e l a t i v e l y  small. 

In order t o  avoid t h i s  r a the r  c o s t l y  eigenvalue 

As indicated i n  reference 3, t h e  Newmark-man-Beta numerical scheme 
is  very well su i t ed  t o  solve t h i s  problem. Not only can it  take  complete 
advantage of t he  spec ia l  s t r u c t u r e  o f  Equation (10) t t it a l s o  allows us 
t o  t rack  the  highest frequency i n  t h e  applied force ins tead  of  t h e  
highest frequency i n  t h e  system without becoming numerically unstable.  

The bas ic  equations can be wr i t t en  a s  fOllOW8: 

w i t h  

8 



Furthermore, i f  we  ptemulti,  -y Equation (11) by 

with 
A1 = [D, + A2B T + A3P T ] -1 

A3 = -PD" 3 

a l s o ,  

(14) 

(15) 

Once the  acce lera t ion  a t  t i m e  i+l Ls known, we can f ind the  
corresponding ve loc i ty  ai:d displacement vectors  from, 

It should be noted t h a t  matr ix  A2 t rr example, contain8 zdro p a r t i t i o n s  
of which advantage can be taken. Also, t he  usual t r i angu la r  
decomposition necessary t o  s o l  : Equation (11) can be replaced by t h e  
inversion of an IF  x IF matrix i n  Equation (15). The f i n a l  recuraive 
r e l a t ions  then, a r e  given by E q u a t i a n s ( l t ) ,  (141, (161, and (17). 

9 
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4. THE Lolw TRANSPOWTION 

Hruda and Jonar5 , introduced a load t r a n s f o n u t i o n  which is 
conr i r t en t  with modal ayntherir  techniques. 
t h i r  technique t o  the case of  the d i r e c t  i n t eg ra t ion  rcheme. Khen more 
than one payload i e  conridered and when t h e r e  ate superfluous i n t e r f a c e  
coordinates,  t he  load t r a n r f o m t i o n r  are derived i n  a a imi l a r  manner. 
The per t inent  equation8 Can be presented as followr: 

In reference 3 we adapted 

which is the  load equation f o r  an e l e e n t a r y  member or a set of these  
members. 
exslmple, i f  t he  member belongs t o  payload P l  then f x p j )  (xp1 . Note t h a t  such (L mmber could be pert of any payload. For 

Furthermore, i f  the acce le ra t ion  approach is ured, w e  can write t h e  
load vector as, 

w i t h  

[ L T l l j  = 

cLT2jj = 

and 

It 8hould be pointed out t h a t  it can be shorn t h a t  i f  w e  keep a l l  
in te r face  mode8 t ha t  { X r j l  i n  Equation (19) can be used d i r e c t l y  and 
need not be wri t ten  i n  terms of acce lera t ion8  and applied forces.  
o rerve t h a t  the  payload organization can e a r i l y  rave the  matrices p]j [h j and [E] j ,  so t h a t  any member i n  the  payload can now be 
invest igated without reca lcu la t  ing the re  matrices. 
system eigenvalues and eigenvector8 a re  involved. 

Also, 

In add i t  ion, no 

10 



I n  Chapter 111 of t h e  F ina l  Report we developed a short-cut 

I n  t h i s  s ec t ion  w e  wish t o  review t h e  bas ic  r e s u l t s  i n  support 
version of t h e  previously derived fu l l - sca l e  numerical i n t eg ra t ion  
scheme. 
of t h e  develpment of t h e  software package. 
estimating t h e  size of t h e  feedback from t h e  payload response into t h e  
booster. 
f o r  t h e  system. 
equations of motion. 
feedback of t he  payload i n t o  the  booster. 
as t h e  d i r e c t  base d r i v e  o r  open loop technique as discussed i n  Chapter I 
sec t ion  A3f and B 3  of t h e  F ina l  Report. 

The approach is  based on 

F i r s t ,  w e  shall der ive  t h e  so-called coupled base motion equations 
These equations still  represent a set of accura te  f u l l - s c a l e  

One poss ib le  approach is t o  completely neglec t  t h e  
Thfs leads  t o  a technique known 

In  many cases t h i s  technique leads  t o  acceptable r e s u l t s .  
of completely neglecting t h e  feedback, w e  shall subjec t  t he  magnitude of t h i s  
feedback t o  a c r i t e r i o n .  The r e s u l t  w i l l  be a method which, depending on t h e  
s t r u c t u r e  a t  hand, w i l l  v a s i l a t e  between a fu l l -up  coupled base motion 
technique and a d i r e c t  base d r i v e  method. 

Instead 

First, no te  that tho  equations of motion I o r  t h e  coupled base motion 
technique are derived i n  Chapter I A3.f. In the F i n a l  Report. 
der iva t ion  w e  can start by wr i t ing  down t h e  couplea set of equations of 
motion as given by Equation ( io)  cf t h i s  User Guide : 

Following t h a t  

I '  c 

where, 

11 
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' ,I ,, - s3 

i 
I 

I O  - 
' 0  I ' D " v " ' p ~ ; ~  = I  I 

0 

Following the philosophy of a b8se motion technique we first solve 
the following set of equations, 

12 
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This set of equations represent  t h e  equations of mation for t h e  
boor te r  v i thou t  pryload(r1. 
with a standard payload which would represent a kind of average payload. 

Note t h a t  one c ~ u l d  a l s o  load t h e  booster 

The so lu t ion  of Equation ( 24) is t h e  same for a l l  payload 
conf igura t ions  and does not change as long a8 t h e  forcing function and 
t h e  boos te r  model do not change. 
I r t e g r a t i o n  rcheme can be used t o  obta in  the  so lu t ion  of  (24 1: 

A modified Neumnrk-Chan-Bet8 nuPtrica1 

where 

"B 'B - T -B T 
f B i  =@N ' B F B i + l  - D3qNOi - D59NOi 

T . B  a a B  B 
- ' I i K B T B X N O i  T B F B i + l  - D 4 X I O i  - D6XNOi fIi 

Also, 

13 



Prrmultiplyiag (26) b y  [ -BDil! I] y i e l d s  
I 

w i t h  

= [ D + A 2  BT I - '  
A 1  2 

also, 

T * O B  .. 
A 2  " N O i + l  -B = Di;' f B r  + %Oi+l 

The equationf to use then are Equations (25 ,  2 7 ,  2 9 ,  30 1. 'Ihe 
quantities to save are i x r o )  , fire) and f irof  . 

14 



'iaturning to Equation (22) we can write: 

8 The residual quantities \;&{ and [ X I R ~  are c l ear ly  due t o  the 
presence o f  the payload($ , 1.e. they are the  feedback of t h e  payload(s) 
back into the  booster. Let us write the following vector equation, 

Substituting Equation (31 1 in to  Equation ( 22) and takim into 
account Equations (23 -24 1 leads to the coupled bare oot ioa  equations, 

+ 

15 



where 

0 

[.: Li:P 1 0 

0 IT 2KP*TP2 1 0 0 

0 1 0 

1 0 

(34 1 

This set o f  Equations ( 3 3 )  could be solved resul t ing  i n  a fu l l - sca le  

accutatc solution. Bowaver, physically it is  posriblc th8t the fcedb8ck 

vector tx,\ is 910.11 (note that we need not h8Vt fx,l and * *  8 * e  

{xfR{ small), i .c .  i . ;8 , ]Z 0 for  a l l  times t .  Then from the third 

part i t ion  of Equation (-1 we obtain a decouplcd equation for {{[I, 

16 



*#&3 which can be e a s i l y  solved, because 2 %Io) is known. 
c a l l e d  t h e  d i r e c t  base d r ive  technique a d  has been used successfully.  

**s 

This approach is  

The problem however is  t h a t  t h e  magnitude of $ XIR~ is  not known 
i n  advance and m y  not alvays be s1~11. 
should be solved re ta in ing  t h e  coupling tems. Again, a Nevmark-Chan- 
Beta technique can be used as follows, 

In t h a t  case ,  Equation (33 

a n d  

'B *AB -2 -B 
f B i  -D4 ' N R i  - '7 'NRi - O B  q N R i  

B 
RPII x I o i + l  

- ..B -B  
f I i  - -MPII x I o i + l  - D I I  x I o i + l  

.B -9B B - D S  ' I R i  - D 8  ' I R i  - K ~ S  ' I R i  

T **B 'P "p -2 -P 
fPi = - x I o i + l  - ' 6  ' N i  - Dg q N i  - 'Ni 

A l s o ,  

(37) 

T 9 - B  .. 
+ A x  -B 

'NRi+l * D;'fBi 2 I R i + l  

(39 1 
T 0.B .. 

+ A x  -P 
'Ni+l = " I fp i  3 I R i + l  

where 

17  



= I D 2 + A B  T + A 3 P  I ] - l  
*1 2 

-1 - 1  
9 A 3 = - P 2  3 A 2  = - B D1 

and 

3 
= + $hDII + @h'KII D 2  MI T, 

D3 = I + 2rh7&, + ph 2-2 Wp 

At t h i s  point, it is possible t o  introduce a cr i t er ion  which checks 

the magnitude of say . If t h i s  magnitude is  smaller thrn a 

3 T '*e certain preset E then the quantities A2 "' x IRi+la c and A 3 i ~ I R i + l  

i n  Equations ( 39 are not calculated. A possible cr i t er ion  could be 

of  t h e  folloving form : 

where E i s  a preset percaneage ( e .g .  0.01). 

18 



T This c r i t e r i o n  could p a r t i a l l y  aroid the  premult i p l i c a t  ion8 by A2 
and i n  Equation (39). There arc two  -re cos t  generating 

poss ib ly  a180 be avoided vheo the feedback acce le ra t i zn  i r  small. 
would mean a d i rec t  base d r i v e  at t h a t  p a r t i c u l a r  :ice s tep .  
approaches were implemented 8nd w i l l  be discussed in t h e  next chapter. 

p r e m  ? t i p l i e a t i o n s  by A2 and A3 i n  Equation (sa). hese could 
Thio 

Both *re 

The a u i n  problem with t h i s  kind of approaches is t o  find an answer t o  
What c o n s t i t u t e s  a small feedback? This question is r t i l l  

Even though 
t h e  question: 
not answered even v i th  an equat ion  l ike Equation (42). 
encouraging results were obtained, it is recognized that  addi t iona l  
research and development is  necessary. 

19 



CHAPTER 11: The Software - Description and User Guide 

1 INTRODUCTION 

In t h i s  chapter we r b l l  d i scu r s  t h e  software package as roc ia ted  with 
a complete booster/payload responre aod lcads  ana lyr i s .  An attempt w i l l  
be made t o  clearly l i n k  t h e  theory of Chapter f with t h e  s p e c i f i c  program 
and subroutine dercr ip t ions .  This w i l l  g ive  us t h e  opportunity t o  touch 
upon some of t h e  c o n r t r a i n t s  and d i f f i c u l t i e s  invar iab ly  assoc ia ted  with 
t h e  development of a p r a c t i c a l  payload in t eg ra t ion  eoftware package. 
Some f ac to r s  co consider are: 
ava i l ab le  da ta ;  t he  separa t ion  of  booster,  payload and in t eg ra t ion  
o rgan i t a t  ions ; work schedules ; engineering time ; ease of program usage ; 
computer cos t  and r e l a t e d  e f f i c i ency  of  algorithms; rewe of  e x i s t i n g  
information; required accuracy versus cos t  ; handling of potent i a l l y  l a rge  
models; etc. 

computer core usage; convergence; 

In Section 2 of t h i s  chapter  we s h a l l  present a general  d c r c r i p t i o a  
of t h e  organization and components of t h e  software package. 
p a r t i c u l a r ,  we s h a l l  explain t h e  purpose and conten ts  of t h e  components 
and how they relate t o  each other.  
desc r ip t ion  of each of t h e  components w i l l  be presented. 
include flow diagrams, desc r ip t ion  of input and output,  how t h e  programs 
are composed and how they.must be used. 

Section 4 descr ibes  two examples o'f booster/payload(s) systems. 

I n  

Then, i n  Section 3 a more d e t a i l e d  
This w i l l  

The 
f i r s t  is  a sample problem which was used t o  check out t h e  subroutines. 
This w i l l  give ua an  opportunity t o  show how t h e  s i x  programs murt be 
used. 
Structure.  We will also d i scuss  the  r e s u l t s  of t h e  short-cut approach. 

The o the r  example i s  t h e  more realist ic case of t h e  STS-ST-OHS-Kit 

Section 5 represents  a se l ec t ed  reference list. Fina l ly ,  Section 6 
contains l i s t i n g s  and samples of input and output f o r  t h e  seve ra l  
programs and subroutines. 

20 



2. GENERAL DESCRIPTION OF SOFTWARE PACKAGE 

In t h i s  s ec t ion  we  s h a l l  d i scuss  i n  general  term t h e  composition of 
t h e  payload in t eg ra t ion  package and relate the  seve ra l  components t o  t h e  
theory i n  Chapter I. 

Due t o  computer s torage  l imi t a t ions ,  a l l  programs i n  the  software package 
were wr i t t en  using FORMA par t i t ion- logic  subroutines. 
par t  it ion-logic subrout ines eliminate l a rge  s torage  requirements hy using 
a random access (d i r ec t  access) mass s torage  device which only brings a 
s ec t ion  of a la rge  matrix i n t o  s torage  a t  one time. 
process involves much bookkeeping and reading and wr i t i ng  of intermediate 
answers t o  t h e  random access f i l e .  
l og ic  subroutine much slower an4 c o s t l i e r  than  a dense-logic subroutine 
that  does the  same function. Thus, t h e  use of par t i t ion- logic  
subroutines involves a trade-of f betwee?! s torage  Lequirements and 
computation time. 
e f f i c i e n t  as porsiblcwithregard 
t o  combine t h e  use of dense and parti t ion-logic.  
diagonsl matrices and column vec tors  are s to red  as denst-logic column 
vectors and a l l  o the r  matrices are s tored  i n  par t i t ion- logic .  
take advantage of t h i s  s torage  method seve ra l  hybrid dense-logic/ 
par: it ion-logic subroutines were developed. The functions of t hese  
subroutines are described i n  t h e i r  respec t ive  subroutine l i r t i n g s  i n  
Section 6 of t h i s  chapter. 

The 

HOwever, t h i s  

These processes make a pa r t i t i on -  

In order  t o  make t h e  payloadhtegretionprograme as 
t o  these  two paramcters it was decided 

7%us, f o r  our purposes 

Alno, t o  

The software package cons i s t s  of s i x  major program and the 
supporting eubrout ines.  The s i x  programs are: BOOSTER, PAYU)AD, 
INTFACE, FORCE, RESPONS, LOADS. 

These prograaus are designed t o  be as independent as possible. Thus, t h e  
program BOOSTER contains parameters tha t  only involve t h e  booster/launch 
vehicle and requi res  no p r i o r  knowledge of t he  pryload configuration. 
Likewise, program PAYLOAD only requi res  knowledge of payload parameters. 
This way t h e  booster and payload organizationa can work co3?letely inGspendCiat 
of each other.  - .  

Program INTFACE do t s  t h e  ac tua l  model coupling between 
booster and payloads. 
thus ,  program INTPACE need only be run once f o r  each payload/booeter 
configuration. 
separa te ly  f o r  each load case and test configuration. 

However, these  r e s u l t s  a r e  independent of time and 

The remaining programs are time dependent and must be run 

The BOOSTER program e s s e n t i a l l y  ca l cu la t e s  a l l  t he  q u a n t i t i e s  r e l a t ed  
t o  the  booster only, i .e. ,  

and 

These quan t i t i e s  a r e  needed i n  t h e  so lu t ion  of Equation (10). A flow 
diagram of thi  main program BOOSTER can be seen i n  Figure 2 
ZBOOST performs the  ac tua l  computations of t h e  above q u a n t i t i e s  as we 
sha l l  d i rcuss  i n  the  next sec t ion .  

subroutine 



TIMCHK 

ZBOOST P 
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FIGURE 2: FLOW DIAGRAM FOR PROGUM BOOSTER 
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Simi lar ly ,  program PAYLOAD computes a l l  payload q u a n t i t i e s  needed f o r  t h e  
so lu t ion  of Equation (10). 
needed f o r  the  loads c r l cu la t ions  i n  Equations (19-211, i.e., 

In eddi t ion  i t  ca l cu la t e s  also qua;-tities 

Figure 3 repreee- q a flow diagram of program PAYLOAD. Again, t h e  ac tua l  
ca l cu la t ion  of th= above q u a n t i t i e s  is done i n  subroutine ZPAYL t o  be 
discussed i n  next sect ion.  
separa te ly  f o r  each payload. 

Vote t h a t  subroutine payload is NC 
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Program INTFACE e s s e n t i a l l y  combines booster and payload q u a n t i t i e s  
t o  produce the  neceswary in t e r f ace  quan t i t i e s  and t o  synthesize t h e  t o t a l  
payload quant i t ies .  Referring t o  Equation (8) i n  Chapter I, the  
in t e r f ace  mass and s t i f f n e s s  matr ices ,  I411 
t he  in t e r f ace  eigenvalue problem f o r  t cse quan t i t i e s  are s lved 
r e su l t i ng  i n  the  in te r face  modes, 91, and frequencies,  01. Program 
INTFACE a l s o  c o l l e c t s  similar quan t i t i e s  f c r  t he  severa l  payloads i n t o  an 
ove ra l l  payload quantity.  
a r e  P, and 4. 
Program INTFACE requires  input from both t h e  booster  organizat ion and a l l  
payload organizations.  This is where t h e  d i f f e ren t  organizat ions w i l l  
have t o  in t e rac t  with each o ther  and therefore  a great  amount of 
coordination i s  o f t en  required.  
presented i n  Figure 4. Note t h a t  programs BOOSTER, PAYLOAD and INTPACE 
a r e  one-time programs i n  t h e  sense t h a t  t h e  output of these programs is  
not dependent on time. Therefore, they represent a one-time cost  i n  the  
course of a load cycle. 
v i t h  program FORCE i s  t o  produce t h e  necessary INPUT quan t i t i e s  f o r  
programs RESFONSX and IXIADS. 

and KII , are formed and 

B 2 

Referring t o  Equat it3 (10) these  q u a n t i t i e s  
The ac tua l  ca l cu la t ions  are done i n  subroutine ZINTF. 

A flow diagram of program INTFACE is 

The purpose of these three  programs toge ther  

Program FORCE generates t h e  necessary force  time h i s t o r i e s  $FB$ on 
the  righthand s ide  of Equation (7) .  
scheme t o  obtain the  cor rec t  force amplitudes at  the  r i g h t  i n t eg ra t ion  
times used i n  program RSSPONS. 
Equation ( 7 )  involves only the  force  vectors  and booster p rope r t i e s ,  
therefore ,  it need only be run once f o r  any given booster  and force/t ime 
his tory.  
t he  ac tua l  ca lcu la t ions  a r e  performed by subroutine ZFORCE. 

It uses a l i n e a r  i n t e rpo la t ion  

Note t h a t  t he  form of t h e  force term i n  

A flow chart  of program FORCE can be seen i n  Figure 5 .  Also, 
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R o t r u  RESPONS generates t h e  rerponre of t h e  coupled boor te r /  
payload($) r y r t a r  u r i a t  t h e  d i r e c t  i n t e t r a t i o n  technique dercribed by 
Lquationr (11-17) i n  Chapter I. A flaw diagram of t h i r  program i r  
prerented i n  Figure 6. 
rerpanre h i r t o r y  . Subrouiine ZRBSP colputer  t h e  a c t u a l  t r a n r i e n t  

F ina l ly ,  program UlADS accept, t he  ryrtem n r p o n r e  from program 
RJSSWNSL and generater t h e  payload load8 and o t h e r  addi t  i ona l  quant it ier 
if necerrary ( r tn r re r ,  s t r a i n $ ,  u x i m m  and minimum loadr,  etc.). The 
LOADS program urea t h e  "acceleration" approach ar oppored t o  t h e  8~ 
c a l l e d  "dirplace~mnt" anproach. 
i n  Figure 1. 
q u a t  it ier . 

A flow diagram of program WADS i r  shown 
Z W S  is  t h e  r u b t o u t h e  w , h h  producer t h e  de r i r ed  

The s i x  p r o g r m  as dercribed above form n corp le ta  hcrorter/ 
p&ylO&d($) i n t s g r a t  ion roftware package which i l lowr  f o r  a reasonable 
8poUnt of f l e x i b i l i t y .  
general  and f l e x i b l e  ro f tua re  p c k a g e  which i r  s t i l l  r e l a t i v e l y  simple t o  
ure. Again, it rhould ba noted t h a t  d l  p r o g t u u  are wri t t en  i n  
par t i t ion- logic  and make u re  of both t h e  P a r t i t i  n and Denre Logic 
Subroutine L ib ra r i e r  a8 developed by Martin Marietta Aerorpace. 
t he re  rubroutines were adapted t o  t h i r  e f f o r t  and w i l l  be l i r t e d  80 

ruch. Also, few new bas i c  rubroutines were develowd and w i l l  be 
d i rcur red  later. 

An attempt wm8 SJ k t o  generate a rearonably 

Some of 
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FIGURE 5: FLOW DIAGRAM FOR PROCUM LOADS 
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3. DETAILED DESCRIPTION OF SOFTUhRE PACKAGE, 

In t h i s  sec t ion  we s h a l l  present t he  s i x  programs which toge ther  with 
the  FORMA subroutine l i b r a r y  const i t u t e  a complete boorterlpayload 
in tegra t ion  software package. In  pa r t i cu la r ,  we 8ha' 1 discuss  t h e  
contents  and usage of each of t h e  
re la t ionships  with the  theory as described i n  Chapter I. 

components and point out t h e  

a. Program BOOSTER 

As mentioned i n  sec t ion  2, program BOOSTER generates  a l l  booster  
da ta  necessary t o  NU program INTJ?ACE and eventual ly  program RESPONS. 
Program BOOSTER starts out by c a l l i n g  subroutine START which performs a 
number of monitoring functions.  For example, subroutine START reads t h e  
f i r s t  th ree  input c r t d s  of t h e  input deck; in te r roga tes  t h e  computer f o r  
t h e  time of day, c e n t r a l  processor time; defines  a few comnon blocks; 
s tops the  program when IRUNNO = STOP, etc. Note t h a t  every subroutine i n  
the  FORMA l i b r a r y  contains  a number of c-nt cards  explaining i n  d e t a i l  
t he  purpose and functions of t h e  subroutine.  Therefore, f o r  a de t a i l ed  
descr ip t ion  of subroutine START and any subsequent FORMA subroutine used 
i n  t h i s  t e x t  we  r e f e r  t h e  reader  t o  the  FORHA subroutine manuals (Volume 
3A-LISTINGS, DENSE FORMA SUBROUTINES), 
subroutine TXMCHK (see Volume 3A) which determines the  elapsed CP and PP 
time betvein defined poin ts  i n  a program. 
the  new subroutine ZBOOST which performs t h e  ac tua l  computations 
necessary t o  generate a l l  booster  data.  
of subroutine ZBOOST. 

Next, program BOOSTER cal ls  

F ina l ly ,  program BOOSTER c a l l s  

Figure 8 represents  a flow char t  

Subroutine ZBOOST was wr i t t en  i n  par t  ion-logic and allows f o r  a 
reasonable degree of f l e x i b i l i t y .  
following quant it ies which are necessary f o r  l a t e r  ca l cu la t ions  : 

The f i n a l  ob jec t ive  is t o  produce the  

PHINBR = the  expanded t runcated set of cant i levered  booster  
modes where rows corresponding t o  zero appl ied forces  
are deleted.  

PREQBT = t runcated cant i levered  booster frequencies (= 

TBR the  cons t ra in t  modal matrix with in t e r f ace  dofs.  
included and where columns corresponding t o  zero 
appl ied forces  are deleted.  (= TB) 

BM2 = booeter mass matrix reduced t o  the  in t e r f ace  

( = TZMBTB 

BK2 = booster s t i f f n e s s  matrix reduced t o  the  in t e r f ace  

BMl = booster coupling mass matrix between in t e r f ace  and 
nm-in ter face  dofs. 
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The f i r s t  s t e p  of subroutine ZBOOST as rbm i n  f ig .  8 is t o  read a 
set of input parameters dercr ib ing  vhat i n f o m a t i o n  is  ava i l ab le  t o  t h e  
subroutine. These input parameters are as f o l l w r :  

IF = Number of i n t e r f a c e  dofs. 
NB 

t4D = Number of d i s c r e t e  booster dofs ,  (i.e. t h e  s i te  05 t h e  

N F  NuPber of non-zero force  components i n  FB. 

Number of truncates booster W e r  and frequencies t h a t  are 
t o  be re ta ined .  

discrete boos ter  MSS matrix, MB). 

NWFILE = Logical f i l e  number t o  which t h e  output i s  w r i t t e n  ( f o r  
exaaple NWPfU 4). 

NWBKPL = I a g i c a l  f i l e  number of a par t i t ion- logic  work f i l e  ( f o r  
example 1 1. 

NWRITE = Flag paramter. 
on paper. 

NEXP = Flag parameter. 
d e s  are not expanded t o  include in te r face-  
NEXP = 1, t h e  modes are expanded. (i.e. I B ~  rrs. is 
ava i lab le)  

NTB = Flag parameter. 
reduction transformation TB is  not ava i l ab le ,  and mmt be 
calculated.  

I f  NURITE = 0 ,  t h e  r e s u l t 8  are not pr in ted  
I f  NURITE = 1, t h e  r e s u l t s  are pr in ted  on paper. 

I f  NEXP = 0 ,  the cant i levered  boor t e r  
If 

I f  NTB = 0 ,  the booster i n t e r f a c e  

I f  NTB = 1, TB is  ava i lab le .  
NBMKl2 = Flag parameter. I f  NBMK12 = 0 t h e  q u a n t i t i e s  

are not ava i l ab le  and i f  NBHK12 = 1, a l l  these q u a n t i t i e r  
are avai lab le .  

NDET Flag parameter. NDET = 0 then t h e  i n t e r f a c e  is 
indeterminate, and i f  NDET = 1, t h e  i n t e r f a c e  i s  
detenninate (i.c. BK2 = 0 ) .  

The next function of subroutine ZBOOST is  t o  generate t h e  expanded 
truncated cant i levered  booster modes, PRINBR. The user  must input t h e  
cant i levered  modes and t h e  f l a g ,  NEXP 
cant i levered  -deb have been exponded t o  include t h e  i n t e r f a c e  degrees of 
freedom (dofs). I f  t h e  modes are not expanded, an in t ege r  vec to r ,  IFACE, 
is  defined which loca te s  t he  i n t e r f a c e  dofs. i n  t h e  booster,  which is  
than used t o  execute the  expansion. Many times amre modes a r e  chrculated 
than a r e  necessary f o r  t h e  accura te  determination of t h e  response. 
Therefore, t he  user must input t h e  f l a g ,  NB, informing t h e  program how 
many modes should be retained. 
t runca te  higher frequencies above the  so-called cu t -o f f  frequency, 
thereby, reducing t h e  sire of t h e  equations t o  be solved without 108s of 
much accuracy i n  t h e  r e  +nee and loads ca l cu la t ions .  Subroutine ZBOOST 
contains a mechanism t o  t runca te  both the  modes and frequencies according 
t o  the  des i red  cu t -of f  frequency. 

t e l l s  whether or not t h e  

The purpose of t h i s  f ea tu re  i s  t o  

Next, i n  order  t o  reduce t h e  s i t e  of l a t e r  
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mul t ip l i ca t ioa r  i n  t h e  f o r c i w  tenu o f  Eq. (101, row of PIINB t h a t  
correrpond t o  non-forced degree. of freedom are eliminated. 
accorp l i rh  t h i r  function, an in t ege r  voctor,  W ' O R ~ ,  d e r c r i b i l y  t h e  
loca t ionr  of  forced degree. of freedom i o  input,  and 9 rnduction i o  
performed r e s u l t i n g  i n  t h e  f i n a l  quant i ty  PEINBR. 

Subroutine ZBOOSTthen computer TBR, Ml, BI42 and BK2 an needed. 
I f  TB i o  not giwn 

I n  o rde r  t o  

Ihe 
f l ag ,  NTB, te l l r  whether o r  not TB i r  given. 
(NTB = 0 )  then it i o  a r r m d  t h a t  Ml, BX2 and BltZ are alro noL l iven, 
and wa m a t  ca l cu la t e  a11 four of there quan t i t i e s .  
q u a n t i t i e r  we need t h e  f r e e  maor and r t i f f n e r n  of the  boorter and t h e  
loca t ionr  of t h e  in t e r f ace  dof loca t ionr .  
and the  IFACE vector  which may have been read i n  when f o n i q  PIII1WR. 
Subroutine ZBOOST c a l c u l a t e r  TB, then perf, 
productr t o  form BMl, Bllz and bK2. 

To c a l c u l a t e  there 

There q u a n t i t i e r  are EM, BK 

t h e  cornct  t z i p l e  

I f  Tg i r  given (NTB = 11, then  rubroutine ZBOOST checkr t h e  flag 
-12. 
be given and are the re fo re  read i n t o  t h e  program. 
and BK are input and the re  q u a n t i t i e r  are for rad  by their  r e r p w t i v e  
t r i p l e  productr . 

When wBIQtl2 = 1, the  q u a n t i t i e r  BX1, BM2 and BlU are aoruwd t o  
I f  NWK12 0 0 ,  then Bw 

Once again M can note from Eq. (10) t h a t  M can e l imina te  many 
needlerr m l t i p l i c a t i o n r  i n  the force  term i f  we d e l e t e  t h e  row8 of  TB 
which correrpond t o  dofr w i t h  no forcer  applied. 
vec tor  NPORCE t o  forrr TBR which conta inr  only t h e  forced row8 of  TB. 

Therefore, we ure the  

F ina l ly ,  PRSQB, a vector  of the  cant i levered  boor te r  froquencier i s  
input and truncated t o  the  NB frequencier below t h e  cu t -of f  frequency. 
The new vec tor  i o  ?REQBT. 
quant ie ie r ,  PHINBR, ?REQBT, TBR, Bw1, BW a ~ 3  BK2 out on t h e  taw, 
NUFILE, and on requert  (i.8. NWRITE - 1) writer them on paper. 

It should be pointed out: t h a t  rubroutine ZBOOST har maximum 

Subroutine ZBOOST i r  them mded by wri t ing  t h e  

c 8 p a b i l i t i e r  of 200 i n t e r f ace  dof r  and 700 boor ta r  dofr. 
may be changed by increas ing  the  correrponding valuer i n  t h e  DATA and 
DINENSION rtatementr of t h e  rubroutine. 

There l i m i t 8  

It could be argued tha t  t he  vec tor  alro be ca l cu la t ed  
i n  rubroutine ZBOOST because t h i r  
However, t h i r  i r  done i n  program RBSPONS becaure rB  could be aubject t o  
t r i a l  and er ror .  f r each 
care 
and TBFB i n  r epa ra t e  program becaure there could be revet81 
d i f f e r e n t  force p ro f i l e r .  

on t h e  boor te r  only. 

This way M avoid a rerun of program BOOS 
Simi lar ly ,  we ca lcu la t e  the  forcibg function term8 4'&FB 

.T 

Subroutine ZBOOST doer not have any rubrout ine  argument a. Therefore , 
a l l  information given t o  t h e  program i r  given i n  t h e  da t a  deck. 
rpec i f i c  r t r u c t u r e  and format i r  given i n  the  doc-ntation t o  program 
BOOSTER and mrt be  followed exac t ly  a8 given. 

The 
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b. Program PAyu)AD 

Program PAYLOAD generates a l l  payload da ta  necerrrary t o  run 
program INTFACE, program RESPONS and program LOADS. Program PAYLOAD is  
la rge ly  i d e n t i c a l  t o  program BOOSTER except f o r  t h e  ca l cu la t ion  of 
q u a n t i t i e s  r e l a t e d  t o  t h e  load transformations. 
generates t h e  following DATA: 

Subroutine ZPAYL 

FREQPT -- Truncated cant i levered  payload frequency vector. 
(- i p )  

TP = The payload cons t r a in t  m d a l  matrix Tp) 

PK2 = The payload s t i f f n e s s  matrix reduced t o  the  in t e r f ace  

(- ~ $ K ~ T ~ )  

PM2 = The payload mass matrix reduced t o  t h e  i n t e r f ace  

(- F A T p )  

PM1 The payload coupling mass matrix Detween in t e r f ace  and 
non-interface degrees of freedom 

PLl - A load transformation (= IpEp’TpnpI&) 

t PL2 A load transformation (= IpEpIpMpTp 1 

Note t h a t  we assume t h a t  no ex te rna l  forces  a r e  applied a t  t he  
payload degrees of freedom. Therefore, PHINPR and TPR nead not be 
ca lcu la ted .  However, because we a r e  eventua l ly  in t e re s t ed  i n  payload 
loads, we do need t o  generate t h e  load Lransformations PLL and PL2, i n  
addi t ion  t o  Tp, according the  Eqs. (18-21). Looking a t  Figure 9 we 
note t h a t  t h e  q u a n t i t i e r  FREyrT, TP, PK1, PM2 and PM1 a r e  ca lcu la ted  i n  
t h e  same way -8  are t h e i r  counterpar t s  i n  subroutine ZBOOST. 
ca lcu la t ion  of PL1 and PL2 does not present any u . m m d  problem. 
Subroutines such as ZZERO, ZSLADR, ZTRANS, ZINV3 and ZHULT (Volume 3B) 
a r c  used t o  accomplish t h i s  task.  
PARAMETERS: 
NL0A.D (0 =,the load transformations YLl and PL2 a re  not ava i l ab le ,  - 1, 
t h e w  t r an r fomat ions  a r e  ava i l ab le ) .  

The 

We a l s o  introduced two add i t iona l  FLAG 
NEP (= 0,EP is not ava i l ab le ,  1,EP i s  ava i l ab le ) ;  and 

Again, subroutine ZPAYL dots  not requi re  any subrouLine arguments. 
The documentation i n  program ?A’tlX)AD describes how t h e  input quant ic ics  
must be ordered i n  t h e  input r i o t .  

35 



I - ORIGINAL PAGE IS 
3F POOR QUALITY 

I 

?-& I 

I 
i i 1 

Figure 9. F l o w  chart of subroutine ZPAYL 

36 



C. Program INITACE 

Program INTFACE generates  a l l  i n t e r f ace  quan t i t i e s  necessary t o  
run program RESPONS. Also, it asseinbles qozn t i l i c s  r e l a t e d  t o  d i f f e r e n t  
payloads. In te r face  p a n t  i t i e s  involve both booster and payload data. 
In pa r t i cu la r ,  program INTFACE ca lcu la tes :  

BPM2 = The sum of the  in t e r f ace  reduced booster  and payload 
mass matrices (= HIT) 

s t i f f n e s s  matrices (a KII) 
EPK2 = The sum of the in t e r f ace  reduced booster  and n a y l o t d  

T 
E2 = eB B , boor te r  coupling mass matrix between 

inger:ace and non-interface dofs.  premult i p l i e d  by t h e  
t ranspose of t h e  iu t e r f ace  moierr. 

FREQPI = The in t e r f ace  frequencies (a 21) These i x l u d e  t h e  
r i g i d  body freqbencies 

FREQPA = The aeseublea payload frequency vec tor  f o r  a l l  
pavloads != f p  f f p l ,  . p 2 ,  G ..-) fpd i )  

P H I I ~  me in te r f ace  modes 

P2 = gyp, t h e  assemblcd payload couplLng mass s t r i a  
as displayed i n  Eq. 0 0 )  o r e m l t i p l l e d  by the  
t ranspose of t h e  in t e r f ac& iaodenc 

Subroutine ZINTF starts by teadin& 5 oc input pcrrclmetcrs. 
These are as follows: 

NPAY = Number of  payloads t o  be coupied toge ther  

W I L E  Logical f i l e  number t o  which the  output is  w r i t t e n  
(t,r example WILE = 11) 

NWRXFL = I q i c a l  un i t  number of (I required par t i t ion- logic  work 
f i l e  ( f o r  example, m F L  - 101 

MriITE Flag parameter. I f  NWRITZ 0, t h e  r e s u l t s  vi11 not 
be wr i t t en  on paper. 
be wr i t t en  on paper. 

I f  NWRITE = 1, the  r e s u l t s  w i l l  

IFB = Number of booster i n t e r f ace  dofe. ( including 
superfluous dofs.)  

NPTOT = Total number of payload degrees of freedom 
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k x t ,  t he  boor t r r  p t o p r t i r o  - lwII, bn2 and Blt2 a n  input,  BUI and 
BKLI m a t  br  coupled wich payload q u s n t i t h r  t o  form tho In to r t roo  MI) 
and o t i f t n o r r ,  Thoroton, H now nrod t o  m a d  i n  t h r  prropmrtiro a t  arch  
of 2hr payloado. ThroU proportleo a n  W l ,  ?UZ, M2 and FRRQ?T. th a300 
nerd o t h r r  drocriptiw information about tho  payloado 0 0  t h a t  t h r y  a n  
hrndlrd c o t n c t l y .  l h n f o m ,  YI m o t  input parawtaro IF?, i n d i c a l h g  
how many doto a m  in tho  payload i n t r r t a c r ,  N? which t r l l r  how u n y  
paylead rodro wan ntaimd tor t h i o  p a r t i c u l a r  payload, and IFACE? which 
i o  a vector h d i c a t i n t  which boootrr  intarface doto co tnopond t o  which 
paylead in t r r f aco  doer, 

Urhu IFACU?, m2 i a  addad t o  M2 t o  i s m  t h8  h t r r f a c r  mor matrix 
BWt. Likowior, Ht2 is added t o  DK2 t o  t o m  t h e  intrrtacr o t i t € n a r o  
matrix WK2. Aloo, ml i o  rorrmblrd i n t o  tho to ta l  payload in to r f ace /  
non-interface coupling matrix, P, and a t o t a l  payload Cnquoncy matrix,  
VIUQPA, ir  rsaombhd h e  FRRQ?Ts n i r  o t r p  i o  n p o a t r d  for a l l  payload@. 

Iho  i n to r l ac r  r igcnvalur  problar  i r  than aolvad and tho  i n t r r f a c a  
Irador ?HIID and tmquancira ,  FUQX a n  I o m d .  btr that YI 001- for 
a11 t he  d r r .  ’b $or thoro p ropmt i ro  i n  thrir final h-, P and BNl 
am p n m l t i p l i r d  by (?HITBIT t o  art ?2 and 12, n r p a c t i w l y ,  
thoro proport ior  at0 c a l l r d  P and B i n  Rq, (LO>, 

Note that  

h, coayrloto t h i r  program, a l l  thore qurt l t i t ioa  a n  wrirtrn t o  t he  
rpocifiod t i l o ,  W I L E ,  and on opt ion ,  (WRITR - I )  t h r y  arm alro wri t t en  
on papor. 

8nco again rubrout inr  ZXNTF has no ~ u b w u t ’ n o  r raurnnt r .  A l l  
information 8i-n t o  t h r  rubmut ine  i r  i n  a dota  Jock, Tho c o r n c t  form 
of tho da ta  dack i r  8i-n in  tho  proaran documntrrion. 

Proarar FORCS 

?roaram FORCR arnr ra too  t h e  f o r e i q  function da ta  i n  a tom 
cenriotont with the n q u i r r w n g s  of program RRSWNS. Ao r t r tad aatlier, 
it c a l c u l r t r o  tho r i lh t -hand  r id0  of Sq. ( I ) ,  
t o m r  contain only bcortor  propor t ior ,  0 0  t h a t  t h i r  protram noad only ba 
run onco for r r d h  boor t r r  and t o r c o / t i r  h h t o r y ,  
waitrQ unt i l  protram WSMNS t o  p r r w l t  i p l y  
bv#aa ra n q u i n d  by Sq. (10) for t h i r  roaron. 
tho  h u r l  aa \cu la t ioa  and p m * a t r r  a r rquont ia l  t i l o  containing a 
herdor and t h r  i n t r r p o l r t r d  ti--tow:. data. 
2lrl)RCS i r  8iwn i n  ? L ~ L W W  1 1 ,  

Nota c h t  thore fa rch8  

W. h a w  purporrlv 
thr i n t o r f r c r  forein8 trrm 

Subroutinr Z N R C R  door 

A flow chart  of aubroutina 

Subroutin. ZFOkCS b r l i n r  by n a d i n 8  tho follouin8 o r t  o f  input 
paramat ora : 

DILLTAT - Tho t h  atop a i 8 0  urod in tho numtical i n t a t r a t i o n  
r c h r w  urad t o  ro lva  tho nrponr. aquation - 



Figure 1 1 .  Flow chert of subroutine ZFORCE 
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ENDT = The end time f o r  t h e  in t e rpo la r ion  time range 

IF = The number of i n t e r f ace  degree8 of freedom 

IFTERP = 0 The force  da t a  has not been previously 
in te rpola ted  
The force  d a t a  has been in t e rpo la t ed  1 

NB = The nvmber of non-interface booster degrees of freedom 

NF - The nr.?cber of non-zero force component8 acLing on t h e  
bOo8tek' 

NFORFL = Logical u n i t  number of t h e  output sequent ia l  f i l e  
containing t h e  t i o e / f o r c e  h i s t o r y  

NWRITE = 0 Output t i d f o r c e  h i s t o r y  should not be wr i t t en  
on paper 
Output is w r i t t e n  on paper every n time poin ts  - n 

NWRKFL b g i c a l  u n i t  number of a required par t i t ion- logic  work 
f i l e  

STARTT * The beginnin2 time f o r  t h e  in t e rpo la t ion  time'range 

The only o ther  input informet ion needed are the  par t i t ion- logic  matrices 
TIME and FORCE which completely descr ibe  t h e  response forc ing  function, 
and t h e  matrices PHINBR and TBR which were output from program BOOSTER. 

After a l l  necessary da t a  is known the  subroutine ZIFORCE goes about 
choosing t h e  co r rec t  subroutines t o  generate t h e  in te rpola ted  da ta  on t h e  
sequent ia l  f i l e  NWFILE. To accomplish t h i s  goal with minimal time 
requirements, severa l  spec ia l  purpose subroutines were developed t h a t  
combine par t  it ion and dense-logic. 

If the  input t ime/force da t a  has not been previously processed, it is  
in te rpola ted  with e i t h e r  subroutine ZTERP o r  ZTERP1. 
par t i t ion- logic  l i n e a r  i n t e rpo la t ion  routine. Output from t h i s  rout ine  
i s  i n  a matrix form t h a t  corresponds t o  t h e  input. 
then processes t h i s  matrix output da t a  i n t o  the  sequent ia l  f i l e  NWFILE. 
ZTDSEQ3 is allso a pure partition-loRLc subroutine and the re fo re ,  has 
small s torage  space requirements and can handle la rge  matrices. 

ZTERP is a pure 

Subroutine Z M S E Q 3  
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Subroutine ZTERPl i s  a spec ia l  purpose subroutine which does t h e  
By in t e rpo la t ion  of t h e  da t a  and generates NWFILe a t  t h e  same ti=. 

combining these  functions ZTERP1 runs approximately s i x  times f a s t e r  than 
t h e  above combination. ZTERP1, houever, is l imi ted  on t h e  s i z e  of t h e  
matrices it  can handle. 
p a r t i t i o n  of t h e  input matrix i n t o  a dense-logic matrix and then 
in t e rpo la t e s  t h i s  s ec t ion  and writes t h e  answers on NUFILE. 
on s i ze  are determined by t h e  dimensions of t h i s  dense-logic work 
matrix. 

This subroutine works by disassembling a row 

The l i m i t s  

Or ig ina l ly ,  t h i s  dimension was 600. 

When in t e rpo la t ion  of t h e  force  da t a  is  not needed e i t h e r  subroutine 
ZTQSEQ3 or ZTOS€QP converts t h e  matrix da t a  input into sequent ia l  output 
form. 
space. It sec t ions  out a row p a r t i t i o n  of input matrix and converts it 
t o  a dense matrix and then  generates NWFILE. Consequently, it cruffers 
from t h e  same size l i m i t a t i o n  a s  ZTERPl, but is  again s ix  t i c e s  f a s t e r  
than ZTQSEQ3. 

ZTOSEQP uses t h e  same technique as ZTERPl and t h e  same matrix work 

It should be pointed out t h a t  t h e  uae of t hese  combinations of  
subroutines provides a balance between computation time and s torage  
requireuents.  The hybrid rout ines  run f a s t e r  but requi re  much more 
s torage  space. Therefore, t h e  u s e r  might deem it worthwhile t o  change 
t h e  l i m i t s  on t h e  s i ze  of t h e  work space used by ZTOSEQP and ZTERPl t o  
f i t  h i s  needs. 

Subroutine ZFORCE does not have any subroutine arguments. A l l  da t a  
is input through a da t a  deck. 
i n  t h e  subroutine writeup. 

The exact form of t h i s  da t a  deck is  given 

e. Program RESWNS 

Program RESPONS c a l c u l a t e s  t h e  response of t h e  coupled 

These equations a r e  
booster/payloads(s) system. 
i s  described by Eqs. (11-17) of Chapter f .  
programed i n  subroutine ZRESP which does 911 of t h e  ca lcu la t ions .  

The numerical technique used i n  t h i s  program 

Subroutine ZRESP requi res  t h e  following input : 

NDAMPB and e i t h e r  DAMPB or  ZBTAB 

NDAHPB = 0 i nd ica t e s  a constant value of booster modal 
damping. 
constant va 1 ue 

damping 
If  NDAMP = 1 input DAMPB = ~ F B  J where 
DAMPB i s  a ( 1  x NB) row vector.  

If NDAMP - 0 input ZETAB as t h i s  

NDAMPB - 1 i nd ica t e s  a var iab le  value of booster modal 
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NDAIBI and e i t h e r  D A W 1  o r  ZETA1 
= The SUI paramaterr and va r i ab le r  88 above f o r  t h e  

i n t e r f a c e  d a l  dampint 

NDAHPP and e i t h e r  D N t P P  o r  ZETAP 
R 

FREQBT - 
F R E Q I  - 

FRaQPT - 
B 2  = 

P2 - 
P H I I B  

QNBo D 

The ram p 8 r a t Q r O  aad v 8 r i a b h r  80 above for t h e  
payload pDda1 dampi-. 

Th. a r r u b l e d  , t runcat ad, caat i l e v e n d  boort er 
frequency vac tor  output from ZBOOST 

The i n t e r f a c e  frequency vector output from ZINTF 

Ihe  t runca ted ,  c a n t i l e m n d  payload frequency w c t o r  
output from ZPAYL 

The i n t e r f aca /boor t e r  ~ $ 8  coupling matrix, output 
from ZINTF 

The interface/payload 9.8r coupling m t r i x ,  output 
from ZINTF 

A. t i n t e r f a c e  -der matrix output from ZINTF 

QNBDO, QIBO,  QIBDO, QNPO , and QNPDO - the  i n i t i a l  
dirplacemant and ve loc i ty  pa t t e rns  f o r  t h e  boor te r ,  
i n t e r f a c e  and payload 

STARTT, SNDT, DILTAT - The r tar t  time, end t i r  and time s t e p  f o r  the 
numerical i n t eg ra t  ion rout ina 

GAl4MA AND B I T A  
= P8r8mterr i n  t h e  N.w~rk-Chan-0et8 numerical 

i n t eg ra t ion  rcheaa. Good valuer a re  CAMlA - 0.5 and 
B I T A  0.25 

IF = Nunbar of i n t e r f a c e  degre t r  of freedom 

NB - Number of non-interface boor te r  dagraer of freedom 

NP - Nuuber of non-interface payload degrrer of freedom 

NP - Number of force8 a c t i n g  on t h e  boor te r  

NFORFL = Logical f i l e  number containing the  in te rpola ted  force 
d8t a out put from ZFORCE 

NWFILE - Logical f i l e  number for  output of the  tarponre data  



NWRKFL = Logical f i l e  number of a required pa r t i t i on - log ic  work 
f i l e  

NWRITE = 0 
n 

when t h e  r e s u l t s  are nt,< t o  be pr in ted  on paper 
t h e  response da t a  w i l l  be w r i t t e n  on paper every 
n time steps 

These input parameters and va r i ab le s  are then used t o  so lve  f o r  t h e  
non-time dependent cons tan ts  i n  Eqs. (13-15). Also, t o  t o t a l l y  describe 
the  i n i t i a l  s t a t e  of t he  system, we so lve  f o r  t h e  i n i t i a l  acce le ra t ions  
using Eq. (10) evaluaLed a t  the  s t a r t  time of  t h e  in t eg ra t ion  time loop. 
The response loop i t s e l f  involves so lv ing  eqs. (12, 14 and 16) f o r  each 
t i m e  s tep .  

Once again subroutine ZRESP has no subroutine arguments. A l l  input 
i s  done thru  a da ta  deck t h a t  i s  described i n  the  documentation l i s t e d  a t  
t h e  beginning of t h e  subroutine. 

f .  Program WADS 

Program u)ADS uses t h e  response da t a  and previously generated 
transformation matrices t o  c a l c u l a t e  t he  i n t e r n a l  loads. These loads can 
be ca lcu la ted  f o r  an enlcire payload o r  any group of members upon 
request. This program must be run separa te ly  f o r  each payload. 
ca lcu la t ions  are done i n  subroutine ZLOADS. A flow char t  of ZLOADS is 
given i n  Figure 13. . 

A l l  

Subroutine ZL3ADS reads a l l  input information from a da ta  f i l e ,  which 
is  described i n  t h e  subroutine documentation, i t  has no arguments. 
subroutine begins by reading i n  a series of f l a g  and input parameters. 
nese p a r a m t e r s  are: 

The 

IFB = The number of i n t e r f ace  degrees of freedom i n  the  
booster 

IFP = The number of i n t e r f ace  degrees of freedom f o r  t he  
payload under study. (Note - t h i s  program is  run 
separa te ly  f o r  each payload, IFP is  the  number of 
degrees of freedom i n  t h i s  payload. 1 

ISELECT = 0 A l l  rows of PUS1 are used i n  t h e  load 
ca l cu la t  ions 

1 Only rows of PKPSI t h a t  a r e  se l ec t ed  by IVSEL a re  
used i n  the  load ca lcu la t ions  

MAXL = 0 Maxiruum/minimum loads ca l cu la t ion  i s  not desired 

1 Maximum/minimum loads ca l cu la t ion  w i l l  be 
performed 
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N P =  

NQNP = 

NQNPS = 

NRESPFL = 

NTAPE = 

NWFILE = 

NWRITE = 

= 

The t o t a l  number of truncated, c m t i l e v e r e d  modes f o r  
a l l  payloads. The s ize  of matrix (QNP) 

Ihmber of non-interface dofs. i n  t h i s  payload 

The pos i t ion  number i n  matrix (QNP) where t h e  f i r s t  
degree of fre#:dom f o r  t h i s  payload occurs 

Logical un i t  number of t h e  sequent ia l  f i l e  containing 
t h e  response output from subroutine ZRESP 

Logical un i t  number of a dense-logic forma f i l e  f o r  t h e  
output of t h e  maximum/minimum loads ca l cu la t ion  
r e s u l t s .  

Logical u n i t  number of a sequent ia l  f i l e  on which t o  
wr i t e  t h e  loads ca l cu la t ion  r e s u l t s  . 
0 

I f  PiAXL = 0 t h i s  f i l e  designation i s  ignored. 

Loads r e s u l t s  are not wr i t t en  on paper ( i f  
max/min loads are ca l cu la t ed ,  they are pr in ted)  

The loads r e s u l t s  a r e  wr i t t en  on paper every n 
time poin ts  

n 

We then read i n  a load transformation matrix PKPSI which i s  given i n  
Eq. (18). PKPSI is  t h e  err i re  f r e e  s t i f f n e s s  matrix of t h e  payload 

i f  i n t e rna l  node e l a s t i c  forces is  the  desired output 
result .  !pKPsl 3 owever, i f  inGi,vidr.nl member loads are des i red ,  it w i l l  be t h e  
s t i f f n e s s  kernei f o r  t h a t  member. The input f l a g  ISELECT is cons is ten t  
with t h i s  approach. 
body, then dependihg on t h e  form of PKPSI w e  might d e s i r e  t o  s e l e c t  out 
c e r t a i n  rows of PKPSI. An example of t h i s  fea ture  is  when t h e  input form 
of PKPSI contains many zero rows or extraneous inEormation. I f  w e  wish 
t o  use t h i s  se lec t ion  process, w e  set ISELECT = 1 and input a vector 
IVSELwhichwhen used i n  subroutine ZSLADR, picks out t h e  des i red  rows. 

I f  we are in t e re s t ed  i n  studying a member of t h e  

Next a series of matrices t h a t  were output by subroutines ZPAYL and 
ZINTF a r e  input. These matrices a r e  PLl ,  PL2, TP and PHIIB.  We must 
then ‘elect t he  rows of PHII* which correspond t o  t h i s  payload. Therefore, an 
in teger  vec tor ,  IVEC, t h a t  designates which dofs o t  P H I ~ B  a r e  t h e  
i n t e r f ace  dofs fo r  t h e  payload under study. 
i n  t h e  loads loop t o  c a l c u l a t e  t h e  loads h i s to ry  of t he  body o r  member. 
Also upon request,  MAKL = 1, we  ca l cu la t e  and output t he  maximum and 
minimum loads fo r  t h e  body. 

These matrices are then used 
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4. SAMPLE PROBLEMS 

In this section w shall discus8 two samTle problems. The f l n t  

conrirt i  of a a h d l  boorter model that i r  to be Integrated with two 

truss-like payloads. The recond sample problem involver the more 

r e a l i s t i c  caee of the Space Tranrportation System (STS), Space Telescope 

(ST), and the OMS kit reoponre and load analyrir. We a l so  Included resu l t s  
on the short-cut version. 



Sample Prcblem 1 
ORIGINAL PAGE 19' 
OF POOR QUALITY 

A8 s t a t e d  prevlourly,  thfr Sample problain cons i s t s  of a b o m t e r  and 
two payloads. 
used t o  generate  these three  aodel r  and their co r re rpond ix  physical  
propcr rt l e  8 .  

FINEL, a Martin Nariatta developed f i n i t e  element code was 

The booster,  as shown i n  Figure 14 is a hatogoMl cy l inder  conai r t ing  
of 24  quadr i l a t e ra l  plate sect ions.  
the  p l a t e s  are: 

The material p rope r t i e s  of each of 

9 - 0.025 l b / i n 2  , E - 10.6 x lo4 , 9 - 0.334 and 
thickness  - 0.1 i n  

We j o i w d  the  24 element8 a t  30 nodes as describad i n  Table 1. Each of 
these 30 nodes were ars igned t h n e  t r a n s l a t i o n a l  degrees of freedom. *he 
geometry and dof numbering rprtem f o r  the  model are shown i n  Table 2. 
Twelve mde8 (number 8, 9 ,  11, 12, 14, 15, 17, 18, 20, 21, 23 and 2 4 )  and 
a l l  of their corresponding dofb were designated t o  make up the In t e r f ace  
f o r  possible  coupling with payloads. 
i n t e r f ace  dofs  and 54  non-interface dofs. 

Thus, f o r  the booster  we have 36 

INPUT DATA FOR COMEINED MEMERANE-BEWINO OUADRfLATERAL PLATE ELEMENTS 

MASS = M1 S T I F  K1 
RO * .25OE-O1 E .  

T(MASS1 

ELEMENT 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
2 1  
2 2  
23 
24 

Table 1 

JOINT 1 JOINT 2 

1 2 
2 3 
3 4 
4 5 
5 6 
6 1 
7 8 
8 9 
9 10 

1 0  1 1  
1 1  1: 
12 I 
13 14 
14 15 
1s 16 
16 17 
17 ' 8  
18 13 
19 20 
20 21 
2 1  22 
22 23 
23 24 
24 19 

. lOCIE*OCI 

.334€*00 

.100€+00 

. 1 0 0 E * 0 0  

JOINT 3 

8 
9 
10 
1 1  
12 
7 
14 
15 
16 
17 
18 
13 
20 
21 
22 
23  
24 
19 
26 
27 
28 
29 
30 
25 

Description of quadrilateral 

JOINT 4 

7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
2 0  
2 1  
22 
2 3  
24  
2 5  
26  
27 
28 
29  
30 

plate 
elements for the booster model used 
in sample problem 1 

49 



N c 
rl 
\ 
P 
4 

4 

X 
*D 

0 
U 

n 
w 

0 
n 
3 

Y 
0 
tu 

x 

N 

50 



ORIGINAL PAGE IS 
OF POOR Q ' l A L l N  

JOINT 

I 
2 
3 
4 
5 
c 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 

2a 

OEGREES OF FREEDOM 
TRANSLATION ROTATION 

U 

1 
4 
7 
IO 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 
64 
61 
70 
73 
76 
79 
82 
85 
88 

V 

2 
5 
8 

1 1  
14 
17 
20 
23 
26 
29 
32 
35 
38 
41 
44 
47 
50 
53 
56 
59 
62 
65 
E8 
71 
74 
77 
80 
83 
86 
89 

Table 2 .  

W 

3 
6 
9 
12 
15 
18 
21 
14 
27 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 
87 
90 

P 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
0 
3 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

JOINT D A T I  USED I i  "JBROUTXNE F E M A  

GLOIAL CARTESIAN COORDINATES 

R X 

0 5.oooO 
0 5.SOOO 
0 -2.  so00 
0 -5.oooO 
0 -2.s000 
0 2.5000 
0 5.oooo 
0 2.500 
0 -2.5000 
0 -5.o030 
0 -2.5000 
0 2.5000 
0 5 . m l  

0 2.5000 
0 - 2 . 5 W  
0 -5.oooo 
0 -2.s000 
0 2.5000 
0 5.oooo 
C 2.5000 
0 -2.5000 
3 -5.oooO 
0 -2.5000 
0 2.5OOC 
0 5.oooo 
0 2.5000 
0 -7.5000 
0 -5.oooo 
0 -2.50GO 
0 2.5000 

Y 

@.too0 
4.3300 
4.3300 
O.oo00 
-4.3300 
-4.3300 
O.oo00 
4.3300 
4.3300 
0.oooO 
-4.3100 
-4.3300 
O.oo00 
4.3300 
4,3300 
0.0000 
-4.33oQ 
-4.3300 
O.oOC0 
4.9300 
4.3300 
O.oo00 
-4.3300 
-4.3300 
O.oo00 
4.3300 
4.3300 
0.orXx) 
-4.3hM 
-4.33nJ 

2 

5o.oooO 
53.r)(xxI 
5o.oooo 
5o.oooo 
5o.oooo 
5o.owo 
25.oooo 
2s oooo 
2s. oww 
25.oooO 
25. OCZK; 
?5 . m w  
O.oo00 
O . n o 0 0  
O.oo00 
O.oooc, 
O . o o o ' ,  
0.0000 

--3.ooOo 
-25.ooOo 
-25.ooOo 
-2s.oooo 
-25.oooO 
-1J.ooOo 
-co.oooo 
-5o.oooo 
-5O.oooO 
-5o.oooo 
- 5 0 . 0 0  
-5o.oooo 

Geometry desci,tion and degree of fraedom table 
for the booster inodel used in sample protlvm 1 
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In order t o  run p':ognm E00ST6R fo r  tNr  model v. generated four  
placer of l n fomat lon  a b u t  the body. F l r r t ,  thu fme-fme Mrr and 
r t l f f n e r r  matricer wen gonc~rated, thon the in t e r f ace  dof r  wen 
conrtrr lned t o  generate  the  i n t e r f a c e  cant l levarod moder and 
frequencier. Alro, IL am8 determined t o  force tho model I n  tho 
Z-diract lon a t  noder 26, 27, 29 and 30 (dofr  78, 81, 87 and 9 0 ) .  

Wring the  abow In fomat ion  program ZEOOST war rur. In order t o  
generate a l l  tho boorter q \ u n t l t l e r  nocertmx-y t o  nm the  o t h e r  pmgrami 
In  the roftu8:s pacluge. 
IOOSTGR. The f l r r t  t h n e  l i n e r  are Input r rqul r rd  by rubrout ine START, 
There determine tho RUNNO and a dercrlptlvm t i t le.  All o t h r  l i n o r  a n  
r a q u l n d  by rubroutine ZB00ST. 
(IF - 36), v. ham re tained a11 of t h e  boortar  c a n t l l e v r n d  aoder and 
fnquanc le r  (NB n 54),  v. haw a t o t a l  of 90 dof r  (ND - 90) and f o u r  
force pointr  (NF - 4).  Since th only lnformatlun y. haw about tha 
boorter  l e  tho f r e e  ma88 and r t l f f n e r r ,  the  non-.xpandrd cant l lcvmnd 
moder and tho cantllevwnnd f r rquencl r r ;  NEXO- 0 ,  NTE - 0 ,  NBMKl2 - 0. 
Alro,  rlnce there  are mom In t e r f ace  do f r  than r ig id  body d o f r ,  t he  
in te r face  10 not determinate (NDLET = 0 ) .  The r e r u l t r  of rubrout ine 
ZBOOST'r In te rpro ta t ion  of t h i o  f i l e  18 gtvrn In the  ramsle output 
(Figure 16). A l l r t i n g  of the matricrr generated by t h i o  rubroutlrw and 
their r i m a  a n  givrn  i n  Table 3 .  

Figure 15 r h o w  tha input  deck to  program 

For this model y. haw 36 i n t e r f a c e  do f r  

2000ST 
ZBOOST 
2000ST 
)BOOST 
ZBOOST 
ZOOOST 
ZOO01 7 
2800s . 

90 
90 

4 
1 
4 
36 
36 
30 

84 
30 
54 
8 4  
30 
84 
30 
36 

Table 3. Lis t ing  of the matrices output by subroutine 
ZBOOST f o r  sample problem 1 
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Figure 1%. Input dark t o  prograta BOOSTER 

DCSCRIPTION OF EOOSTCR ___- -_ ._____ ._______- -  

N D .  00 
I f  36 
NB Sd 
NF - 4 



Figure 17  show8 tho f i r a t  payload (payload PI ) which i r  made up of 18 
bar elementr. 
goomtry  of the  8 t ruc tu re  i r  yiven i n  Table 4 and tho mator ia l  p ropor t ior  
are given i n  Table 3. 
dogreer of freodom only. 
cornrponding  degnom of freedom make up tho in tor faco ,  
following f o r  payload 1. 

The bars a n  joinod a t  8 noder t o  form t h i o  t r u r s .  Tho 

Once cgain  a11 node8 vom asrignod t r r n r l a t i o m l  
The fou r  c o m r  nador and a l l  of their 

Thus we have the 

ND - 12,  IF - 1 2 ,  
and , IFACE - dof r  1, 2, 3, 4, 5, 6, 10, 11, 12, 13, 14 and 15  

If o rde r  t o  run program PAYLOAD f o r  this r t m c t u r o  w gsneratsd the free 
maas and a t i f f n e r r  and the i n t e r f a c e  cantilevmred modes and froquencier. 
Program PAYLOAD waa nm uring the  input deck a8 rhown i n  Figure 18. Note 
that using the l imi ted  information a t  h n d ;  (namely, t lm f r e e  maer and 
r t i f f n e a r  and the cant i levered  modes and frequencies) a11 tho f l a g  key8 - 
NEXP, NTP, NPMKl2, NDET, NLOM and NEP are tom, and VI n t a i n e d  a l l  of 
the  cant i levered  mode8 and f r rquencier  (NP - 1 2 ) .  
subroutine ZPAYL i n t e rp re t ed  this input record, and Table 6 rhowr a 
l i e t i n g  of the  aatricer that were generated and saved on NWFILE. 

P i g u n  1 9  rhowr how 

1 P I V L I  
2 PAVLI 
3 PAVLI 
4 P I V L I  
5 P I Y L I  
6 PAYLI 
7 PAYLI 
a PAYLI 

PHINP 
FREOPT 
TP 
PM 1 
PM2 
PK2 
PL I 
FLZ 

12 
I 

2 4  
12 
12 
12 
2 4  
24 

12 
12 
12 
12 
12 
12 
12 
12 

lOSC82 
lOSE82 
10St82  
IOSEI2  
10SE82 
IOSEI2  
10SE82 
10SE82 

i'abla 6. L i s t ing  of the  matrices output by subroutine 
ZPAYL for Payload 1 



ORIGINAL PAGE IS 
e O R  QUALITV 

3 

Y 

ALL BAR ELEMENTS 

p - 0.0025 l b / i n  

E = 10.6 x lo3  

C - ? . 8 4  x lo6 

A = 0.31 in' 

Jo- 1 .67  x 10 in  

3 

lb/in '  

lb/in-? 
9 

-5  4 

Figure 1 7 .  Pavload 1 



JOINT 

1 
2 
3 
4 
5 
6 
7 
8 

DEGREES OF 
TRANSLATION 

U V W 

1 2 3 
4 5 6 
7 8 9 
10 1 1  12 
13 14 15 
16 17 18 
19 2 c  21 
22  23  24 

JOINT DATA USED IN SUFROUTIVE FEUKA 

FREEDOM GLOBAL CARTESIAN COORDINATES 

P 0 R X 4 z 
ROTATION 

0 0 0 
0 0 C 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

2 .  so00 
- 2 . 5 0 0 0  
- 2 . 5 0 0 0  
- 2  so00 

2 .  so00 
2.5w") 

- 2  5009 
2.5coo 

4 
4 

- 1  
-4. 
-4 
- 1 .  
- 1  
- 1 .  

3 3 m  0 moo0 
3 3 0 0  09000 
0000 1 0000 
3 3 w  O . m  
3 3 M  c . QC30 
0 m  1 3cw 
OOCQ - 1 ocoo 
OCOO - 1 .coco 

Table 4 .  Geometry and degree of freedom table  
for payload 1 

INPUT DATA FOR BAR ELEMENTS 
KODEB = KOOEK = 

MASS * MI S T I F  = K1 LOAD TRANS * PAY3LT STRESS TRANS = 
RO . 2 5 0 € - 0 2  

ELEMENT JOINT 
NUMB E R 1 

1 5 
2 1 
7 2 
1 3 
5 3 
6 8 
7 3 
8 4 
9 5 
10 4 
1 1  7 
12 t 
13 3 
io 8 
15 5 
$6 4 
17 I 
18 2 

JOINT 
2 

1 
2 
3 
6 
1 
2 
4 
5 
6 
6 
5 
8 - 
7 

9 

8 

- 
- 

R E F  
PO I NT 

2 
3 
1 
1 
2 
1 
6 
1 
3 
1 
4 
5 
4 
2 
6 
2 
6 
3 

E = .106E+05 ACPHb - 0 
G = . 3 8 J E + 0 7  

AREA 

100E-01 
1rX)E-OI 
IOOE-01 

. 100E-01 
1WE-01 

.lCOE-O! 

.100E-01 
100E-01 
100E-01 
.10@E-Q1 
. 1OOE -01 
. IOCE -01 
'OOE-01 
!eo€-01 

. 100E-01 

.100E-01 
IOOE -01 
1 0 0 E - r ? 1  

POLAR 
INERTIA 

.16fE-O4 
167E-94 

. 167E -04 

' 6 - E - 0 1  
167E-04 

. 167E -04 
76SE-04 
157E -01 
16;E -04 
1 6 ;  E - 0 4  
167E-04 
167E-04 

. 167E-04 

. 167E -04 

. 167E-04 
167E-04 

. 16:E-04 

i6TE-L4 

TCRSION 
CONST 

.141E-@4 

. 141E-04 
14 1 E -C4 

. IdlE-04 

.141E-@4 
14jE-04 

. 141E-04 
141E-04 
14 E -04 
141E-01 
14iE-04 
149E-04 

. 141E-04 

. 141E-04 

.141E-00 

. 14lE-OA 
,141E-04 
14 1 E -34 

Z BENDING 
INERTIA 

.833E -05  
8 3 3 E - 0 5  
8 3 3 E - 0 5  

.833E -,E 

. 8 3 3 E  -05 
833E -25 
.833E -35 
833E - 3 5  
8 3 3 E - 3 5  
933E - 0 5  

. 833E -95 

. 8 3 ? E  -05 
, 8 3 3 E  -05 
8 3 3 E - 3 5  
833E -05  
833E-r>5 
933E -05 
833E -95  

r' BENDING 
I PJERT I A 

833E -05 
. e33E - 0 5  
833E -05 
933E - 2 5  
e?3E -05 
S33E -05  
8 3 3 E  - 0 5  
8 x E  -05 

, 8 3 3 E  -05  
. 8 3 3 E  -05 

8J3E -05  
833E -05  
833E -05 
8 3 3 E - 0 5  
833E -05 
233E -05 
933E -05 
933E -05 

SHEAR 
FACTOR 

9 3 3  
. a 3 3  
9 3 3  

, 8 3 3  
.a33 
. a 3 3  
, 8 3 3  
8 3 3  

. 8 3 3  
8 3 3  
833  
8 3 3  
8 3 3  

833  
833  
833  

a 3 3  

a33 

Table. 5. Payload I material properties 



ORIGINAL PACE IS 
OF POOR QUALITY 

P A Y L  1 TG SHANAHAN 
PROGRAM ZPAYL FOR PAYLOAD 1 
PART OF PAYLOAD I N T E G R A T I O N  

1 2  1 2  2 4  
40 20 0 
0 0 0 0 0  

MODES 0 - 3 1 P A Y L 1  
I F A C E  1 1 2  

1 1 1 2 3  
1 7 10 11 12 

0000000000 
MASS 0 - 3 O P A Y L 1  
STIF 0 - 3 0 P A Y L 1  
FREQ 0 - 3 1 P A Y L 1  
STOP 

SOFTWARE PACKAGE 
1F.NP.ND 
N U F I L E . N W 2 K F L . N U P I T E  

0 NEXP.NTP.NPWl2.NOET.NLOAO.NEP 
N0’J-EXPANOED C A N T I L E V E R E D  P A Y L O I D  W D E S  

* V E Y O R  OF I N T E R F A C E  OOFS 
4 5 6  

13 14 15 

FREE PAYLOAD MASS M A T R I X  * 
FREE PAYLOAD S T I F F N E S S  M A T R I X  
C A N T I L E V E R E D  PAVLOAD FREQUENCIES 

Figure 18. Input deck to program PAYLOAD 
for  payload 1 

N W I L E  = 40 
NWRKFL * 20 
N U R I T E  = 0 

NUMBER OF PAYLOAD DOFS = 2 4  .‘ = 2 4  
NUMBER OF PAVLOAD INTERFACE DOFS = 1 2  .-+ = 1 2  

NUMBER OF TRUNCATED PAYLOAD MODES R E T A I N E D  = 12 Ir.’ = 12 

THE MODES ARE NOT EXPANDED TO INCLUDE INTERFACE DOFS (NEXP = O f  

TP.  PM1,  PM2,  AND P K 2  ARE NOT G I V E N  NTP = 0 )  

THE INTERFACE IS NOT DETERMINANT (NDET = 0) 

THE LOAD TRANSFORMATIONS P L 1  AND P L 2  ARE NOT G I V E N  (NLOAU = 0) 

THE CANTILEVERED F L E X I B I L I T Y  - EP IS NOT G I V E N  ( N E P  - 0) 
Figure 1 9 .  Sample output from subroutine ZPAYL 

for payload 1 
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The same scheme used i n  the  development of paylord 2. This model as 
shown i n  Figure 20 c o n s i s t s  of 28 b r  elements jo ined  a t  12  node poin ts  
t o  form a truss. The geomeitry and the  degrae of freedom t a b l e  f o r  t he  
mdel  are give3 i n  Table 7 and the  material p rope r t l c s  and connections 
are given i n  Table 8. As i n  payload 1 a l l  nodes w e r e  given t h ree  
t r a n s l a t i o n a l  degrees of freedom and the corner nodes c o q r i r e  the 
In te r face .  Therefore, f o r  payload 2: 

ND = 36, IF - 1 2  
and IFACE = dof ' s  7, 8 ,  9, 10, 11, 12,  19, 20, 21, 21, 23 and 24 

Models were crea ted  t o  generate t h e  free-free mass and e t i f f n e s s  of the  
s t r u c t u r e  and the  i n t e r f a c e  cant i levered  modes and frequencies.  With 
this information program PAYLOAD was run. Figure 21  shows the  lnput  deck 
t o  program PAYLOAD f o r  payload 2. 
frequencies were retained (1.e- NP = 24), no o t h e r  Information o t h e r  than 
that s t a t ed  above vas ava i l ab le  ( 1.e. NEXP, NTP, NPMKl2, NLOM and 
N€P - 0), and the  In t e r f ace  is indetexminate. 
subroutine ZPAYL and shows how the  subroutine in t e rp re t ed  the  input 
deck. 
i n  Table 9. 

Note that a l l  cant i levered  modes and 

Figure 22 is output from 

A listlag of the  r e su l t an t  matrices from this subroutine is given 

1 PAkL2 
2 PAbL2 
3 PAbL2 
4 PAVL2 
5 PA'L2  
6 PAVC2 
7 PAkL2 
9 PAvL2 

PHINP 
FREODT 
TP 
P'c 1 
r "2 
F.. ' 

FL 
PL2  

2 4  
1 

36 
12 
12 
12 
36 
36 

24 11SE82 
24 l l S E 8 2  
12  11SE82 
24 l l S E 8 2  
12 l l S E 8 2  
12 l l S E 8 2  
2 4  11SE82 
12 l l S E 8 2  

Table 9. L i s t ing  of t he  matrices output by subroutine 
ZPAYZ. for Payload 2 

Now that a l l  of the ind iv idua l  proper t ies  have been derived f o r  the 
booster and each of t h e  two payloads, the  next s t e p  is t o  couple the 
th ree  bodies together.  
payloads system is in tegra ted .  

Table 10 provides a map of how the  booster/ 
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X 

Y 

ALL BAR ELEMENTS 

p = 0.0025 l b / i n  

E - 10.6 x lo3 

C = 3 .84  x 10’ 

A = G.01 i n  

Jo- 1 . 6 7  x lu i n  

3 

l b / i n 2  

l b / i n 2  

2 

- 5  4 

Figure 20. Payload 2 
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JOINT 

1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
1 1  
12 

ORIGINAL PAGZ !s 
OF PC"' QrJALIn 

JOINT DATA USE0 I N  SUBRWTINE F E m A  

DEGREES OF FREEWM GLOBAL CARTESIAN COOPOINATES 
TRANSLATION ROTATION 

Y P 0 R X Y 2 U V 

1 2 
4 5 
7 8 

10 11 
13 14 
16 17 
19 20 
22 23 
2 5  26 
28 29 
31 32 
3 4  35 

Table 7 .  

3 0 0 0 
6 0 0 0 
9 0 0 0 
12 0 0 0 
15 0 0 0 
18 0 0 0 
21 0 0 0 
24 0 0 0 
27 0 0 0 
30 0 0 0 
33 0 0 0 
36 0 0 0 

3.51000 
2.5000 
2 . w w  
-2.Hxx) 
-2.5000 
-2.51000 
-2.5000 
2.5000 
-2. 5000 
2.5000 
-2.5000 
2.~000 

O.oo00 
2 . o o o o  
4 . 3 3 0 0  
4 . 3 3 0 0  
2 .oo00 
O.oo00 

- 4 . 3 3 0 0  
- 4 . 3 3 0 0  
O.oo00 
O.oo00 
2.oooo 
2.oooo 

Geometry and degree of freedom table 
for payload 2 

INPUT DATA FOR BAR ELEMENTS 
KOOEK = UOOEB - 

MASS = Mi S T I F  = K1 LOA0 TRANS = PAV4LT STRESS TRANS * 

ELEMENT 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
I7 
18 
19 
2 0  
2 1  
22 
23 
24 
25 
2 6  
27 
28 

RO = .2JOi-O2 

JOINT 
I 

1 
2 
3 
4 
5 
6 
7 
8 
5 

1 1  
5 
6 
6 
9 
7 
4 

1 1  
9 
1 
2 
6 
S 

10 
12 
7 
9 

1 1  

e 

JOINT 
2 

2 
3 
4 
5 
6 
7 
8 
1 
2 
12 
3 
1 
2 

10 
1 

12 
10 
8 

10  
12 
9 

11 
10 
12 
3 
9 

1 1  
4 

REF 
PO I NT 

4 
4 
a 
2 
1 
1 
1 
6 
3 

1 0  
2 
2 
1 

12 
8 
3 
9 

10 
I2 
10 
I 1  
9 
1 
1 
2 

6 
5 

e 

Table 8 .  

E = .106E+05 ALPHA = 0. 
0 - .384E+07 

AREA 

. IOOE-Ol . l o o € - 0 1  . IOOE-01 
, 1009-01  
. IOOE -0 1 
. IOOL-01 
. 1 0 0 E - 0 1  
.1OOE-01 
.1OOE-01 
.1OOE-01 
. 1 0 0 € - 0 1  
. 1OOE-01 
, 1 0 0 E - 0 1  
. IOOE-Ol 
. IOOE-01 
. 1 0 0 € - 0 1  
. 1 0 0 E - 0 1  
. 1OGE-01 
. IOCE-01 
. 100E-01 
. 1 o o E - 0 1  
. 100E-01 
. 100E-01  
. l o o € - 0 1  . loo€-01 
. I W E - 0 1  
. loo€-01 
. l o o € - 0 1  

POLAR 
INERTIA 

. 1 6 7 1 - 0 4  

.167E-04  

.167E-04  

. 167E-04 

. 167E-04 

. 167E-04 

. 1 6 7 E - 0 4  

.167E-04  

.167E - 0 4  

. l 6 7 E  - 0 4  

. 167E-04 
.167E-04  
,167E - 0 4  
. l 6 7 E - 0 4  
.167E-04  
.167E-04  
. 167E-04 
.167E -04 
. l 6 7 E - 0 4  
.167E - 0 4  
.167E-04  
.167E -04 
.167E-04  
.167E-04  
.167E-O4 
. l 6 7 E  - 0 4  
.167E - 0 4  
. 1 6 7 € - 0 4  

TORSION 
CONST 

. 1 4 1 E - 0 4  

.141E-04  

. 141E-04 

. 141E-04 

.141E-04  

. 141E-04 

.141E-04  

. l 4 l E - 0 4  

.141E-04  . l 4 l E - 0 4  

. 1 4 1 E - 0 4  

.141E-04  

. 141E-04 

. 1 4 1 E - 0 4  

. 141E-04 

. 1 I  :E-04 

. 141E-04 . 141E-04 

. 1 4 l E - 0 4  

. 141E-04 

. 141E-04 

. 1 4 1 E - 0 4  

. 141E-04 

. l 4 l E - 0 4  

. 141E-04 

. 1 4 l E - 0 4  . 141E-04 

. 1 4 l E - 0 4  

Payload 2 material properties 

2 BENDING 
INESTIA 

.833E -OS 

.833E -05 

.833E -05 

.833E -05 

.EWE -05 

.833E -OS 

.833E -05 

.833E -05 

.833E-05  

.833E -05 . 833E -05 

. 833E-05 

.833E -05 

.833E-05 
,833E-05 
.833E -05 
.833E -05 
.833E -05 
. 8 3 3 E  -05 
.833E -05 
.833E -05 
.833E -05 
. 833E -05 
.833E -05 
.833E -05 
.833E -05 
.833E -05 
,833E - 0 5  

1 .oo00 
1.6oOo 
O.oo00 
O.oo00 
1 .oQoo 
I .oo00 
O.oo00 
O.oo00 

-1.oo00 
- 1 . o o o o  
-1.oo00 
-1.oooO 

V BENDING 
INERT1 A 

.833E -05 

. 8 3 3 E - W  

.833E -01 

. 833E -01 

.833E-05  

.833E-05 

.833E -05 

. 833E -05 

.833E -05 

. 8 3 3 E - 0 5  

.833E -01 

.833E -05 

.833E - 0 5  

.833E-05  

.833E -05 

. E W E  -05 

. 833E -05 

.833E -05 

.833E -05 

.833E - 0 5  

.833€-05 

.833E - 0 5  

. 8 3 3 E - 0 1  

.833E -05 

.833E - 0 5  

.833E - 0 5  

.833E -05 

.833E -OS 
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P A  r L2 T G  SHPNAHAN 
PROGRAM Z P A V L  FOR P A r L O A O  2 FOR SAMPLE PAROELEM 
PART OF PAYLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 

12 2 4  36 - 1F .NP.ND 
40 2 0  0 * NWFILE.NWRKFL.NWRITE * 
0 0 0 0 0 0 * NEXP.NTP.NPMK12.NOET.NLOAD.NEP * 

MODES 0 - 3 1 P A V L 2  NON-EXPANDED CANILEVEREO MODES * 
I F A C E  1 12 VECTOR OF I N T E R F A C E  DOFS 

1 1 7 8 9 I 0  1 1  12 
1 7 19 2 0  2 1  22 2 3  2 4  

o0000ooooo 
MASS 0 - 3 O P A Y L Z  * FREE MASS M A T R I X  ' 
S T I F  0 - 3 0 P A L L 2  FREE S T I F F N E S S  M A T R I Y  
FREO 0 - 3 1 P b Y L 2  * C A N T I L E V E R E O  FRECUENCIES - 
STOP 

Figure 21.  Input deck to program PAYLOAD 
for payload 2 

N W F I L E  = 4 0  
NWRKFL = 2 0  
NWRITE = r) 

NUMBER OF PAYLOPD @OF5 * 36 
NUMBER OF PAVLOAD INTERFACE DOFS = 42 

NUMBER OF TRUNCATED PAYLOPD MODES R E T A I N E D  = 2 4  

NO = 36 
I F  = ( 2  
NF = 2 4  

THE MODES ARE NCT EXPANDED TO INCLUDE I N T E R F A C E  DOFS ( N E Y P  = 01 

TP.  PM1.  PM2.  AND P K 2  A R E  NOT G I V E N  N T P  = 01 

THE INTERFACE IS NOT DETERMINANT I N D E T  = 0 )  

THE LOAD TRANSFORMATIONS P L 1  AND P L 2  ARE NOT G I V E N  ( N L O A D  = 0 )  

T H E  C A N T I L E V E R E D  F L E ' I B I L I T ' i  - EP I S  NOT G I V E N  l N E P  = 01 

Figi:re 2 2 .  Sample output from subroutine ZPAYL 
for payload 2 
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ORIGINAL PAGE FS 
OF POOR QUALITY 

r 

SUPERFLUOUS INTERFACE 
dof 8 

A 

BOOSTER 
Interface O v e n 1 1  
do€ no 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 7  
18  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

dof no 

22 - 
23 
24 
2s 
26 
27 
31 
32 
33 
34 
35 
36 - 
40 - 
41 
42 
43 
44 
45 
49 
so 
51 
52 
53 
54 - 
59 
60 
61 
62 
63 
67 
68 
69 
70 
71 

sa - 

72 - 

CAWAD 1 
fnterface Overall 
dof no dof no 

-1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

-12 

1 
2 
3 
4 
5 
6 
10 
11 
12 
13 
14 
15 

PAYLOAD 2 
Interface Overall 
dof no dof no 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 - 

T 

8 
9 
10 
11 
12 
19 
20 
21 
22 
23 
24  

Table 10 Map of Booster and Payload Interface dofs 
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Program INTFACE does the a c t u a l  coupling of booster  and payload 
quan t i t i e s .  We already know the  following inpu t s  t o  subroutine ZINTF: 

NPAY - 2 , IFB - 36 
and, NPToT NPpayload l+NPpayload 2 - 12 +24 - 36 
A l l  o t h e r  q u a n t i t i e s  were output from subroutines ZBOOST o r  Z P A n  except 
f o r  t he  IFACEP vector8. 
be at tached t o  the  booster. l o  determine the  IFACEP vector ,  we a s s ign  
each bocster  dof a number from 1 t o  IFB in increasing o rde r  of ove ra l l  
dof number. Likewise, we do the  same f o r  each payload. Then, f o r  each 
payload the IFACEP vector  tel ls  which booster interface dof number 
corresponds t o  the payload i n t e r f a c e  dof number. We now have a l l  the  
informatisn necessary t o  run program INTFACE. Figure 23 shows the input  
deck t o  run this program, and Figure 24 shows some ' mple output from 
subroutine ZINTF which t e l l s  how t h e  input  was in te rpre ted .  
matrices output from this subroutine is located i n  Table 11. 

Each IFACEP vec tor  te..ls how the  payload is t o  

A l i s t i n g  of 

1 Z I N T F  FREOI 1 36 llSE82 100;: 
2 ZINTF 92 36 54 liSE82 l C V 4  
3 ZfNTF P3. 36 36 llSE82 100:: 
4 ZINTF BPM2 36 36 l i S E 8 2  100:: 
5 ZINTF BPK2 36 36 11SE82 1 0 0 X  
6 Z I N T F  C H I I B  36 36 llSE82 100:' 
7 Z I N T F  FREOPA i 36 llSEB2 100:'. 

Table 11. Lis t ing  of t h e  matrices output by subrout ine 
ZINTF for sample problem 1 
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ORiGiF4AL PRGE is 
OF POOR QUALiTY 

Z I N T F  TG SHANAHAN 
PROGRAM Z I N T F  W I T H  BOOSTER 1 A N D  PAVLOADS 1 AND 2 FOR C-MPLE PROBLEM 
PART OF PAYLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 

1 
40 10 
36 36 

BM I 0 
BM2 0 
BK 2 0 

12 1 2  
I F A C E P  1 

1 1  
1 7  

oovoo3ocoo 
PM f 0 
PM2 0 
P K Z  3 
F P E 5 P T  0 

1 2  24 
1Fb;EP ; 

1 1 
1 7  

@o@ooo0000 
PM 1 0 
PM2 0 
P K Z  0 
FREOPT 0 
STOP 

0 

- 3QZBOOSf - 30ZBOOST 
-302800ST 

1 2  
1 2  
7 8  

- 3  1 PAY L 1 
- 3  l F A V  L I 
- 3 1 P A  L 1  
- 3 1 o A V L 1  

1 2  
2 5  26 
3 1  32 

- 3 2 P A ' t  L2 
- 3 2 P A V L 2  
- 3 2 P A V L 2  
- 3 2 P A Y L 2  

3 
9 

25 
33 

NPAY 1 

= NWFILE.NWRKFL.NWRITE 
1FB.NPTOT 
BOOSTER C O U P L I N G  MASS M A T R I X  - 
BOOSTER M A t S  M A T R I X  REDUCED TO I N T E R F A C E  

9 BOOSTER STI 'FNESS REDUCED TC lNTCRFAb?E 

* VECTOR OF I N T E R F A C E  DOFS F O R  P A i l J A D  1 
4 3 6  

10 1 1  1 2  

r F P . N P  * FOR PAYLOAD 1 

PAYLOAD 1 C O U P L I h ?  MASS M A T R I X  * 
P A k L O A D  1 M h T S  RECCCFD T J  I N T 2 R F A c E  
PAYLOAD I S T l F F N E S t  REDUCE- TO INTERFACE - 
P A Y L O A D  1 TRUIUCATFD. CUNT LVERED FREO * 

f VECTCd OF I Y T r R F P C E  OOF FuM PAYLOAD 2 
1 F P . N "  - FOR PAYLOAD 2 

28 29 30 
34 35 36 

+ P A f L O A D  2 C O U P L I N G  MASS M A T R I X  - 
P A f L O A D  2 MASS REDUCE0 TO INTERFACE * 
P A Y L O A D  2 S T I F F N E S S  REDUCED TO I N T E R F b C E  * 
PAYLOAD 2 TRUNCATED, C A N T I L E V E R E D  FREO 

Figure 23, Input deck t o  program INTFACE 
for sample problem 1 
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I N P U T  DATA TO Z I N T F  - ----.-----____--_- 

.,*FILE * 4 0  
h'.dRKf = 10 

NWRITE = 0 

NUMBER OF BOOSTER INTERFACE DOFS = 36 

NUMBER OF TOTAL FAVLOAD MODES R E T A I N E D  = 36 

I I F B  * 36, 

(NPTOT 9 36) 

I N P U T  DATA FOR THE 2 PAYLOADS 
_ _ _ _ _ _ _ - - - _ _ - - - _ _  - - - - - - - - - - - - - -  

INPUT OATA FOR PAYLOA3 1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
oJUMBER OF PAYLOAD INTERFACE OOFS = 12 

GUC.J€F( OF P I Y L O A D  TUUNCL.TE0 MODES USED * 12 

IVEC OF PAVl.OAG INTERFACE DOF LOCATIONS IN THE 6 O O S T E R  INTERFACE _ _ _ _ _ - _ _ _ _ _ - . _ _ _ _ _ _ _ _ - - _ - _ - - - _ _ - - - - - - - . . - - - - - - - - - - - - - - - - - - - - - - . -  

I F A C E P  f 1 X 12 I / I N P U T /  VECTOR OF INTERFACE DOFS COR P A i L O A D  1 * 

1 1  1 2 3 4 5 6 0 0 0 0 0 0  
3 7  7 a 9 10 1 1  12 

END OF R E A D I M .  ... t . . . . t . . . . . . . . . . . ) . . . . . . . . . . . ' . . . . . . ~ . ~ ~ . ~ ~ ~ ~ . ~ . ~ ~ ~ . . . . . ~ . ~ . . . . . * . . . . ~ ~ . . . ~ . ~ . . . ~ . ~ . * ~ . . . ~ . . . ~ . . ~  

I F A C E P  ( 1 K 12 I , I N P U T :  - VECTOR OF INTERFACE GOF FOR PAYLOAD 2 

1 1 25 26 27 28  29 30 0 0 f? 0 0 0 
1 7 31 32 33 34 35 36 

END OF R E A O I M .  ....................~........~~~.....~...~~..~*.......................~.....~.~.....,~..~.... 

Figure 24. Sauple tvtput from subiout lne  ZINTF 
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Now thac the models a re  couple together ,  t he  only  o t h e r  d a t a  needed 
t o  determine the response is the t ime/force his tory.  
input  time/for,e d a t a  and outputs  IC i n  a form compatable with the  
response program. 
(NF - 4) 36 booster interface dof (IF = 36) and 54 booster  modes retained 
(NE = 54). We have set the start time f c r  the  force da ta  t o  te rn  
seconds, the  end t i m e  = 1.0 secoads and the  time s t e p  - 0.01 seconds. 
The force  da t a  iaput  t o  this program was a sampling ovei the t i m e  range 
of t = 0.0 seconds t o  t - 1.0 seconds f o r  the  functions: 

PIJgraPl FORCE ta’kes 

For t h i m  sample pra‘,L,, there are fou r  fo rce  po in t s  

F78 = 1 5 ~ 0 0  sin[3.1416 ( t  - .001)] 
= 160000 sin[2.8274 ( t  - .002)] 

F87 = 125000 sin[3.7700 ( t  - . G 2 ) ]  

Fgo = 170000 s i n [  3.4558 (r - .01) 1 

The input deck t o  program FORCE is given i n  Figure 25, the i n t e r p r e t a t i o n  
of this da ta  is echoed by subroutine ZFORCE i n  Figure 26. Output on 
NFORCE is sequent ia l .  

Program RESPONS then ca l cu la t e s  the  responsd by reading i n  all t he  
booster,  payload and fo rce  quanti’tes and en ter ing  them in a d i r e c t  
numerical i n t eg ra t lon  technique. Note that as input  t o  p r o g r m  RESPOC!!d 
the input s t a r t  t i m e  and t i n 2  s t e p  must be equal  t o  t h a t  w r i t t e n  on the  
input NFORFL, and the end time must be less than the  end time on NMRFL. 
For our  case we have STARTT = 0.0 seconds, ENDT = 0.90 seconds and 
DELTAT = 0.01 aeconds. 
JOOSTER, PAYLOAD, INTFACE and FORCE, ve must n o w  input  the  modal 
dsmping. 
a constant value of damping f o r  booster,  i n t e r f a c e  and payload (1.e. 
ZETAB = ZETA1 - Z€TAP = 0.0 and NDAMPB = NDMPI - NDAMPP - 0). 
used the recommended values of r a n d  p f o r  the  Gemark-Chan-Beta 
numerical i n t eg ra t ion  technique 
program RESPONSE is l i s t e d  t n  Figure 27. Notice that. t he  only 
in fomat ion  needed t o  be read i n  are the  coupling p rope r t i e s  B2 and P2, 
the 1n:erface modes, PHIIB and f requensies,  FREQI, the  cant i levered  
frequencies f o r  the  payloads, FREQPA and booster,  FREQBT, the  dampiilg 
terms as mentioned above and the i n i t i a l  v e l o c i t i e s  and displacements i n  
modal coordinates. For our  case the i n t t i a l  condi t ions have been set  t o  
Zero. 
m t p u t  data from ZRESP are t h e  modal response f o r  t he  i n t e r f a c e  and payload. 
These r e s u l t s  are written on TAPE 40 - W I L E .  

As well as proper t ies  derived i n  programs 

Qe choose to  ignore damping f o r  this model, therefore ,  we have 

We a l s o  

( 3 = 0.5 ,  f l  = 0 .25 ) .  The input  t o  

Subroutine ZRESP cLhoes the  input  da t a  back as shorn in Figure 28. 
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ZFORCE TG SHANPHAN 
PQOCRAM ZFORCE COR ECOSTER t SAMPLE PROlLEM 
PART OF COMPLETE BOOSTER-PPV'OAO INTEGRATION SOFTWARE PACXACP 

20 16 4 0  + NWRKFL.NWRITE.NFORFL * 
0 1 .oo 0.01 * STARTT.ENOT.OELTAT 

4 56 36 6 N F , N B . I F  
e IFTERP 

T I M E  0 -3CSAWPLE - TIME T I B L E  
FORCE 0 -3OSAMPCE FORCE TPELE 
FHINBR 0 -212BOOST - REDUCED CAYTILEVERED BCOSTFR MODES ' 
TBP 0 -3 !2800ST QEDUCEQ BOOSTER CONSTRAINT MODAL MAT 
S T 0 7  

Figure 2 5 .  Input deck t c  program FORCE 

NUM8EP 0: COI)CES APPLIED 7 0  BOOSTER = d 

NUMBER OF TRUNCATE[! BOOSTER MOOES 9 $0  

NUMBER CF I W E Q F A C E  DOFS 36 

INTERPOLATION OF T H E  C O W €  @ A T A  IS NEEDEC t I F T E R c  = c ? )  

Figure 26. Sample output frcn subroutine ZFORCE 
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ZRESP TG SHANAHAN 
PRO,>RAM ZRESP - SAMPLE PROBLEM W I T H  8OOSTER 1 ,  PAVL I .  A N D  PAbL2 
PART OF A COMPLETE EOOSTER-PAVLOAO I N T E G R A T I O N  SOFTWARE PACKAGE 

4 0  2 0  5 30 * N R t S F L . ~ R K F L . M R I T E , N F O R F L  * 
0. 0.90 0.04 - STARTT.ENC)T.OECTAT 
0 . 5  o.:s GAMUA.8ETA 

* N F . N B . I F , N P  4 54 36 36 
0 0 0  WAHP)DCI .NCAUPI .WAWP 

F R E O l l T  0 -3lZBOOST * TRUMCATEO. C A N T I L E V E R E O  BO@STEQ FREO 

FlZCQt O -322INTF I N T E R F A C E  FREOUENCIES - 
FREOPA 0 - 3 2 2 1 N T F  ASSEMBLE0 PAbLOAO FREOUENCIES 

e1 0 - 3 2 Z I N T F  INTERFACE,  BOOSTER C O U P L I N G  MASS M A l R I k  3 

p 2  0 - 3 l Z I N T F  * INTERFACE.PA~LOAC COUCLING MASS NATPIX - 
P H I X I  0 - 3 2 2 I N T f  I N T E R F A C E  MOMS 

. .Ooo + ZETAB 9 

0 . m  9 Z E T A 1  - 
o m  * ZETAP 9 

I N I T I A L  BOOSTER DISPLACEMENTS . 

- I N I T I A L  BOOSTER V E L O C I T I E S  - 
9 I N I T I A L  INTERFACE O I S P L A C E Y E N T S  

1 N I T I h . C  I N T E R F A C E  V E L O C I T T E S  * 

I N I T I A L  04,;uA@ OISPLLCPUENTS * 

- I N I T I A L  PAILOAO V E L O C I T I T E S  

Figure 27 .  Input deck to  program RESPONS 

N Y F I L E  = a@ 
RYRKFL 2 0  
NFORFC 30  

DATA IS W R I T T E N  O N  PAPEQ E V E R )  S TIME S T E P 5  

PARAMETERS FOR N E W A R K - C H I N - B E T 4  I N T E G R A T I O N  QOUTINE 

G A M M A  5OWOC 
BETA * 2'L.OWO 

VALUE OF BOOSTER WC3AL DAMPING IS CONSTANT ( WAMPI  8 0 1 

VALUE OF PAVLOAl) MOODAL O A M p i N C  IS A CONSTANT INCAMP0 

Figure 28. Sample output from subroutire ZKESP 
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P m g m m  LORDS can be ured t o  8.inerate many ure fu l  quan t i t l e r .  Usisg 
t he  ISBUCT option wa can choore an area of r tudy for the  body, and by 
choorlag PKPSI judiciour1y# YI can generatr 8 l t h e r  ulart ic forcer, member 
load, r t r o r r e a ,  r t r a l n r ,  etc. For this rample we choore t o  gernrrte 
e las t ic  node fo rce r  f a r  the a l l  noder In payload 1, thur  ISELBCT - 0 and 
PKSPI - the  f r r e  stlffmar aatrix f o r  t he  r t ruc tu re .  ?%e payload non- 
In t e r f ace  do f r  am ordered a0 payload 1 then payload 2, thur  NQNPS = 1 
f o r  thlr ca l cu la t ion  and NQNP - 12. 
given i n  Figure 29. 
o t h e r  I n f o m a t i o a  from NRBSFL and p r i n t r  i t  a0 81-n I n  Figure 30. 
am chore NAXL - 1, a max/min rearch  t k n  r s a u l t r  of thir are given I n  
Table 12. 

The Input deck t o  proaram WADS is 
Subroutirrr ZMADS l n t e r p r e t r  ths Input f i l e ,  reads 

Since 

As r t a t e d  previously,  t h i o  rampl6 problem conr i8 t r  of a boorter,  the 
space s h u t t l e  (STS), and two payloads; t h e  space ta le rcope  (ST) and the 
OMS kit. 
NASA, from which a l l  prope r t i a s  necesmry to m e  the  payload i n t e g n t l o n  
s o f t w a n  pack can be derived: 

Various mar., a t i f f n e a r  and mod81 propertias were received from 

h e  STS model received contained 759 o v e r a l l  dofs  of which 33 are 
in t e r f ace  dofr. The following i n f o n w t l o n  about this model war received: 

(759 x 333) 

and t h e  force  and time t a b l e s  [TABF] and [TABT]. From this d a t a  i t  was 
easy t o  sec t ion  out  or d 8 r l v e  the followlag p ro r2 r t i e s :  

1) 
2) 
3) the STS a081 and a t l f f m s r  matrlcv redLced t o  the  i n t e r f a c e  - 
4) 
5 )  

the expanded ccint!lewrad modes PAIVBX 
tk cons t ra in t  modal matrix - TB . 

BH2 and EKZ 
the STS coupling maas matrix - Bk 
the  c a n t i l e v e n d  frequencies - FREh. 

T h n e  hundred boorter  modes *are retained. The force  da ta  reduced t o  I20 
dofr t ha t  h v e  non-iero forcer .  
the abew datr M have the following Input t o  program BOOSTSR 

There are l i s t e d  i n  Figure 33. Usiw 

IF - 33, NB - 300, ND 759, NF = 120 

NEW - 1, NTB - 1, NBMK12 - 1, NDET * 0 
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ORIGINAL PACE IS 
OF FOOR QUALITY 

ZLCAOS TG SHANAHAN 
PROSRAM ZLOAC'S F O 9  P I i L O A D  1 
EOOSTER t ,  P A t L O A D  1 .  P b r C O A C  2 S I S T E M  

1 0 10 Y A X L . I S E C E C T . N W R i T E  
1 1 2  NQNPS.NONP 

36 1 2  36 * 1 l r B . I F P . N P  
3 0  2'2 6 0  4 1  * NRESPFL.NYRK7L.NUFILE.NTAPE . 

STIF 0 - 3 2 P A V L 1  PAv'LOAD 1 FREE S T I F F N E S S  M A T R I X  
Pi 1 0 - 3 1 F A V L 1  P A Y L O I O  1 L O A 0  TRANSFORUATION 
PL2 0 - 3 1 P A V L 1  * PAVLOAD ' LOAD TRANSFORMATION 
TP 0 - 2 t P A Y L 1  * PAYLOAD 1 CONSTRAINT MODAL M A T R I X  
PHI16 0 - 3 3 Z I N T F  INTERFACE W O E S  
I V E C  1 12 - VECTOR OF PAVLOAO 1 I N T E R F A C E  L O C A T I O N S  * 

1 1  i 2 3 4 5 6 3 8 9 10 
1 1 1  1 1  12 - 

Figure 29. Input deck to program LOADS 

MAxIYLiN;MINIMUM L?AO C A L C U L A T I O N  WILL BE PERFORWEO ( M A X L  = 1 )  

A L L  ROUS OF P K O S I  ARE USE2 I N  THE LOAD C A L C U L A T I O N  ( I S E L E C T  = 0 )  

NWRI'E = 10 

THE NUMBER OF INTERFACE OOFS I N  THIS D I f L O A O  = 12 

THE ROW NUMBER OF THE FIRST NO&- INTERFACE DOF FOR T H I S  PAYLOAD I N  THE BOOSTER 1 

THE NUWEER OF YON- INTERFACE OOFS I N  THIS DAYCOAO * 12 

THE N'JWBER OF INTERFACE DOFS I N  THE BOOSTER * 36 

THE TOTAL NtJMsER OF PAYLOAD MOOES R E T A I k E O  * 36 

NRESPFC * 30 

NYRKFL = >O 

N r l F I i E  = 4 0  

NTAPE = 4 1  

PAVCOAD LOADS 
- _ - - - - - - - - - _ -  

FOR THE T I M E  I N T E R V h L  OF 

S T A R T T  = 0 ~ 0 0  

€NOT = 300000 

@ E L T A T  = 0 1oc.00 

Figure 30. Sample output from subroutine ZLOADS 
for sample problem 1 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

FORM MAXIMUM. TIME AT MAXIMUM. MINIMUM. TIME 4 1  M I N I W M  

LrAJMIN I 24 Z 4 I .'OUTPUT,' 
1 )  I 21 I 3) 4 1  

1 1 8 085€+01 
2 1 1.324€+02 
3 1 7.'90€+01 
4 1 1 978€+02 
5 ! 2.163€+01 
6 1 9 5f2€+00 

: ?.71SE+W 
3 f 2 612E+@0 
0 : 3.52%-02 

10 i 7 956E+Ol 
1 4  1 1 210E+03 
12 1 8.383i+Ol 
13 1 1.352€+01 
14 1 1 473E+03 
15 1 1.666€+01 
16 1 1.311€+00 
17 1 2 454E4OO 

19 1 2.424€+00 
2 0  1 . 2.060€'30 
21 1 3.167E-02 
22 1 2.916E+00 
23 1 1.876E+0O 
24 3.001E-02 

- 

is i 3.ae7~-02 

E N D  OF WRITE. .-.... *.. . .*. . . . .*. .e.. .  

8.900E -01 
9 OOOE-01  
4 900E-01 
5.300E-01 
0 OOOE-02 
9.000E-02 
5 90E-01 
9.OOOE-01 
3. OOOE -02 
5.703E-01 
5.200E-01 
5. OOOE -0 1 
9.OOCE -02 
5.300E -0 1 
8.100E-0! 
6.3@0€ -3 1 
3.000E-81 
3 . W E  -02 
5.900E -01 
A 5WE-01 
3.0%3€-@2 
5.900E -01 
e 900E-01 
3.OOOE-02 

-7.988€+01 
- 1  278E+33 
-2.439E-02 
-1.382€+01 
-1.405€+03 
-4.443€+01 
-2 998E+OO 
- 1.855EWO 
-2 706E+01 
-8.202€+01 
- 1 . 455E+O2 
-3 448E-02 
-1.894€+02 
-?.059E+01 
-3.379€+01 
-2.344€*00 
- 1.652F+Oo 
-2.5?71+01 
-2.363€+00 
- 1.762€+00 
-2.561€+01 
-2.903€+00 
- ' .636E+Oo 
-2.718~+01 

4.500E-01 
5.200E -0 1 
3. W E  -02 
9. OOOE -02 
5 .300E -0 1 
5 .  JOOE-01 
6. ' V E - 0 1  
5 .  W O E - 0 4  
4.900E-01 
9 .OOo€-Ol 
9.000E-01 
3.000E-02 
5 . 4 0 0 E - 0 1  
9.000E-02 
J.300E -0 1 
6.100E-01 
4.4OoE-01 
J 900E-01 
8 .800E -0 1 
4 2C'OE-01 
4.900E-01 ~ 

6.lOCE-01 
4.2OC.E -0 1 
4.900E-01 

........ *.. . . . . .e*.. .  

Table 12. Efax/Min elastic forces for Sample 
problem 1 .  Output from program ZLOADS 
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ZE'JOST T G  SHANAHAN 
PROGRAM ZBOOST FC? STS YFSC MODEL 
PART OF PAYLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 

33 300 759 1 2 0  - 1F.NB.ND.NF * 
40 20 1 NWFILE.NWRKFL.NWRITE - 

1 1 1 0  * NEKP.NTB.NBMK12.NDET * 

PHINB 0 -30BOSGEN * ErPANDED C A N T I L E V E R E D  BOOSTER MODES 
NOOOR 0 -32NODOOF * VECTOR OF FORCE L O C A T I O N S  ' 

TB 0 -3OBOSGEN * CONSTRAINT MODAL M A T R I X  - 
6M 1 0 -30BOSGEN + BOOSTER COUPLING MASS M A T R I X  * 
EM2 0 -30BOSGEN 1 BOOSTER INTERFACE MASS M A T R I X  
B K Z  0 -30BOSGEN - BOOSTER C O U P L I N G  S T I F F N E S S  M A T R I X  * 
FREO62 0 -31BOSGEN 6ODSTER CANTILEVEWED FREOUENCIES * 
STOP 

Figure 31 .  Input deck to program BOOSTER 
for the Space Shuttle (STS) 

N W F I L E  = 40 

NWRITE = 1 
NWRKFL = 20 

NUMBER OF BOOSTER OOFS = 759 
NUMBER OF BOOSTER INTERFACE DOFS = 33 

NUMBER OF TRUNCATE0 BOOSTER MODES R E T A I N E D  1 300 
NUMBER OF FORCES A P P L I E O  TO THE BOOSTER * 120 

THE MODES ARE EXPANDEO TO INC'_UDE INTERFACE OOFS 

TP - THE CONSTRAINT MODAL M A T R I '  IS PJIVEN 

BM1. BM2. AND 6 K 2  ARE A V A I L A B L E  

THE INTERFACE I S  NOT DETERMINANT 

ND * -50  
I F  = 33 
NE = 300 
N F  = 1 2 0  

( N E Y P  = 1 t 

. N T E  = 1 I 

(MBMK12 = 1 )  

(NOET = 0 )  

Figure 3 2 .  Sample output from subroutine ZBOOST 
for the Space Shuttle (STS) 
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WdrCINAL f;.;ii IS 
OF POOR QllALlTY 4 

4 
a 
4 
0 
4 
0 
0 
0 
4 
4 
4 
0 
4 
4 
0 
0 
4 
0 
0 
0 
4 
0 
0 
0 
4 
0 
4 
0 
4 
0 
0 
0 
0 
4 
0 
0 
8 + 
4 
4 

+ 
* 
0 
4 
0 

4 
t 
4 
0 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ . . 
0 

0 . . 
0 

0 
0 . 
0 . . 
0 

b 

. 
0 . . -. t. 

cc) 
m 
aJ 
k 
3 
M 
d 
a 
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A lietirig of the input f i l e  t o  program BOOSTER is given i n  Figure 31,  and 
the program interpretation Is given i n  Figure 32. 
processes these quantities and output the matrices a s  l i s t e d  i n  Table 13 .  

Subroutine EBOOST 

RUN NO ZGOOST 

PROGRAM ZE0057 FOR STS MFSC MODEL 
PART OF FAVLOAD INTEGRATIOR SOFTWARE PACKAGE .,.............*......*.........*.....,.............~~................ 

L I S T I N G  OF MATRICES ON LOGICAL UNIT  00 

NO. RUN NO NAME NROWS NCOLS O A T E  DENSITY 
.------_-----_-__--_------------------------------------ 
- - -  - _ _ - _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  

ZBOOST 
ZBOOST 
ZBQOST 
ZBOOST 
ZBOOST 
ZEOOST 
ZBOOST 
Z B O O S ~  

PH'NB 759 
TB 759 
PHINBR 120 
FREOBT 1 
TBR f 2@ 
0 M  f 33 
eM2 ;3 
6 K  2 33 

300 
33 
300 
300 
33 

30/, 
33 
33 

11SE82 
11SE82 
1 l S E 9 2  
11SE92 
11SE92 
1 lSE82 
11SE92 
1 lSE82 

Table 13 .  Listing of matrices autput from subroutine 
ZBOOST for the Space Shuttle 
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ORlGlNAL PAGE fS 
OF POOR QUALITY 

The space telescope modal contains  214 dofs  of which 
dofs ,  175 cant i levered payload modes were retained. The , i n f  o m a t  ion  was 

I n  order  t o  

received f r o m  NASA: 

f r e e  mass matrix 

f r e e  s t i f f n e s s  matrix 

6 a r e  i n t e r f a c e  
following 

( 2 1 4  x 2 1 4 )  

( 2 1 4  x 2 1 4 )  

the i n t e r f a c e  expanded cant i levered modes 

t h e  cons t ra in  modal matrix 
( 2 1 4  x 175) 

( 2 1 4  x 6) 

the Cantilevered. frequencies (175) 

couple these proper t ies  with the  booster  i t  w a s  necessary ~. 

t o  reverse the d i r e c t i o n  of one of t he  i n t e r f a c e  dofs ,  
f r e e  mass and s t i f f n e s s  matrices. Also, note that the  i n t e r f a c e  is 
determinate (i .e.  the number of i n t e r f a c e  dofs  is less than or  equal t o  
t h e  number of r i g i d  body dofs).  The i n t e r f a c e  c o n s i s t s  of do f s  1, 2 ,  3, 
4 ,  5 and 6 .  Thus, the  inpu t s  t o  program PAYLOAD f o r  the space telescope 
are : 

This a l t e r e d  the- 

I F  = 6, NP = 175, ND = 214 
NEXP - 1, NATP - 0 ,  NPMKl2 = 0, NDET = 1, 
NLOAD = 0, NEP = 0, 
IFACE = dofs  1, 2, 3, 4 ,  5, 6 

A l i s t i n g  of the input deck t o  this program is given i n  Figure 34. 
da t a  i s i n t e r p r e t e d  and echoed bixk by subroutine ZPAYL as shown in 
Figure 35. 
is given in Table 
PK2 = 0. 

This 

Also, a l i s t i n g  of the output matrices from this subroutine 
1 4  . Note that s ince  the  i n t e r f a c e  is determinate 

ZPAY L 

ZPAVL 
ZPAVL 
ZPAVL 
ZPAiL 
ZPAYL 
ZPAYL 

zpnvL 
PHI  NP 
FREOPT 
TP 
PM 1 
w 2  
PK2 
PL 1 
PL2  

2 1 4  
1 

2 14 
6 
6 
6 

2 14 
2 1 4  

175 11SE82 
175 l l S E 8 2  

6 11SE82 
175 11SE82 

6 11SE82 
6 l l S E 8 2  

175  t l S E 8 2  
6 11SE82 

100;: 
100:: 
12% 

1oo.i 
1 oc:! 

0:: 
1001: 
loo:' 

Table 14. L is t ing  of t h e  matr ices  output by subroutine 
ZPAYL f o r  t h e  Space Telescope 
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ZPAYC T G  SHANAHAN 
PROGRAM ZPAYL FOR THE 

PART OF PAVLOAD I N T E G R A T I O N  
6 175 2 1 4  

4 0  2 0  1 
1 0 0 1 0  

P H I E X P  0 -30STOAT.1  
I F A C E  1 8 

oooaxx)ooo 
MREV 0 -3OSTOATA 
KREV 0 -3OSTDATA 
FREO 0 -3OSTDATA 
STOP 

1 1 1 2 3  

SPACE TELESCOPE 
SOiTWARE PACKAGE - 1F .NP.ND 

NWFILE.NWRKFL.NWR1TE * 

0 NEXP.NTP.NPMK12.NOET.NLOAD.NEP * 
' EXPANDEO C A h I L E V E R E O  1. :C<S * 

VECTOR OF IV 'ZRFACE OOFS . 
4 5 6  

FREE MASS 
FREE S T I F F N E S S  - 

* t A N I L E V E R E 9  FREOUENCIES 

Figure 3 4 .  Input deck t o  program PAYLOAD 
for  the Space Telescope (ST) 

N W F I L E  = 40 
NWRKFL = 2 0  

1 NWRITE = 

3 E S C R I P T I O N  OF PA4LOAD . . . . . . . . . . . . . . . . . . . . . .  

NUMBER OF PAYLOAD O C E S  = 2 1 4  
NUMBER OF PAVLOAO INTERFACE DOFS * 6 

NUMBER OF TRUNCATED P A f L C A D  MODES R E T A I N E D  * 475 

THE MODES ARE EXPANDEO TO INCLUOE I N T E R F A C E  DOFS 

T F .  P M 1 ,  YMZ. AN0 P K 2  ARE FJOT G I V E N  

THE INTERFACE IS DETERMINANT 

THE LOAD TPANSFORMATIONS P L 1  AND PL2 ARE NOT ' I V E N  

THE C A N T I L E V E R E D  F L E X I B I L I T V  - E "  IS NOT G I V E N  

NO 2 1 4  
I F  = 6 
NP = 175 

Figure 35  Sample output form subroutine ZPAYL 
for the Space Telescope (ST) 
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For the  OMS Ut,  the  f r e e  mass and s t i f f n e s s  matricer and a matrix 
map t e l l i n g  i n t e r f a c e  loca t ions  were received. From t h i e  infoanat ion the  
in te r face  cant i levered modes and frequencies were calculated.  In  t o t a l ,  
the model contained 36 do f s  of which 7 are interface dofs. 
this bare minimum informatian about t h e  OMS Kit ,  we were a b l e  t o  run the  
payload program. 
modes were t o  be re tained and ND - 36. 
f o r  the OMS Ut  is  given i n  Figure 36. and t h e  program echoed it as i n  PI$are 37.  
'The output matrices are l i s t e d  i n  Table 15. 

Thus, wlth 

As i npu t s  we have I F  "7, NP - 14  (only 1 4  cant i levered 
The input  deck t o  program PAYLOAD 

Using the output f o r  these th ree  previous runs construct ion of the 
We input  deck t o  program ZINTF as shown i n  Figure 38 I s  q u i t e  simple. 

know there are two payloads (NF'AY = 2) and 189 t o t a l  payload modes 
(NP + NPST + NPOMS KIT - 175 + 14). 
generated from Table 16. 
in te rpre ted  the  da t a  deck and Table i7 lists the  output matrices and 
their s i zes .  

The IFACEP vectors  were 
Figures 39 s h w  how subroutine ZINTF 

The force/t ime h i s to ry  f o r  t he  forclng funct ion was transmitted x f a  
th ree  matrf.ces : 

I.) TABT - t a b l e  of break point  times 
(1741 x 1 )  

2) TABF - t a b l e  of f o r c e s  
(1741 x 185) 

3) IDF3RM - t a b l e  of fo rce  loca t ions  
(185 x 1) 

TABF gives  the Lime/force history.The 1741 rows each correspond t o  the 
time l i s t e d  f o r  the same element i n  matrix TABT. Each column of TABF 
correspouds t o  a loca t ion  t h a t  I s  described by the appropriate  element of 
matrix IDFORM. Each element of IDFORM contained a f o u r  d i g i t  i n t ege r  
numhr. 
was t o  be applied,  t he  l as t  d i g i t  speciffed the  d i r ec t ion .  

The f i r s t  t h ree  d i g i t s  t o l d  the  node numberto which the fo rce  
For example: 

IDFORM (J) - 8583 

means force number J I s  applied a t  node 858 i n  t h e  3 o r  z-direct ion.  
Using a provided matrix map of t h e  STS model It  was then possible  t o  
determine the degree of freedom number t o  which the force was t o  be 
applied. Careful inspect ion of IDFORM revealed that i n  several cases  
nore  than one force was t o  be applied KO a p a r t i c u l a r  degree of rreedom. 
Thus, these fo rces  were superimposed and resolved i n t o  one fo rce  vector. 
M t e r  processing t h s  d -a, 120 independent fo rce  vectors remained. The 
fo rces  were then arranged i n  order  of increasing dof n,-&ber s-hich 
resulted i n  the  NFORCE vector  l i s t e d  i n  Figure 33. 
matrices were input tc ,  program FORCE: 

Thus, t he  following 

- TCBT3 time vector  (1741 x 1) - TABF3 fo rce  t a b l e  (1741 x 185) 
- PHINBR reduced, truncated, cant i levered 

- TBR booster cons t r a in t  modal matrix (185 x 33) 
booster modes (185 x 300) 
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Z?A' i  L TG SHANAHAN 

PART OF PAVLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 
PROGRAM ZPAVL FOR THE OMS K I T  

1 F . N P . N D  7 1 4  
4 0  20 
0 0  

P H I O M S  0 
I F A C E  1 

1 
0000ooo1.'00 
MSSOMS 0 
STFOMS 0 
FRCOMS 0 
S'OP 

36 
1 
0 . o  

- 33EGVL 1 

1 3  

- 
- 3 0 E G V L  1 
- 3 0 E G V L  1 - 3OEGVL 1 

Figure 36. 

NWT1LE.NWRKFL.NWRITE 
0 0  NEXP.Ff'P.NPMK12.NDET.NLDAO.NEP + 

* NON-EXPANDED C A N I L E V E P E D  MODES 
. VECTOR OF I N T E R F A t E  DOFS 

6 7 9 1 2  1 4  

- FREE MASS - 
FREE S T I F F N E S S  * 
C A N I L E V E R E D  FREOUENCIES * 

Input deck t o  program PAYLOAD 
for the OAS K i t  

N W F I L E  = 40 
NWRKFL = 20 
NWRITE = 1 

0 E S C R I P T I O t . I  OF P A , ' L O i D  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

NUMBER OF PAYLOAD DOCS I 36 
NUM6ER OF P A i L O A D  INTERFACE DOFS * - 

I L K B E R  O f  TRUNLATED PAVLOAD MODES QETAINEO = I d  

THE MODES ARE NOT EXPANDED TO INCLUDE INTERFACE DOFS 

T P .  Put. PU2. AND P K 2  ARE NOT G I V E N  

THE INTERFACE IS NOT OETFRMINANT 

THE LOAD TRANSFORMATIONS P L 1  AND F L 2  ARE MOT G I V E N  

THE C A N T I L E V E R E D  F L E X I B I L I T V  - E P  IS NOT G I V E N  

ND 8 36 
I F  = 7 
NP - 14 

( N E I P  = 01 

N T P  = 01 

I N O E T  = 01 

I N L O A D  = 

I N E P  = 01 

Figure 3 7 .  Sample output from subroutine ZP!YL 
for the OMS K i t  
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In t e r f ace  
dof no 

1 
2 
3 
4 
5 
6 
7 
8 
9 

..O 
11 
12 
13 
14 
15 
16 
1 7  
18 
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Overall 
dof no 

38 5 
387 
390 
392 
395 
397 
400 
402 
405 
407 
410 
41 2 
415 
41 7 
420 
422 
425 
427 
530 
43 2 
435 
43 7 
440 
442 
445 
44 7 
450 
452 
456 
45 9 
462 
465 
468 

ST 
IPAYnAD 1) 

In t e r f ace  Overall 
dof no dof F.O 

5 r; 
4 4 

1 1 

3 3 
2 2 

6 -6 

In t e r f ace  Overai;. 
dof no ciof co 

4 
5 

6 

1 ,. 
J 

6 

7 
9 

12 

7 14 

Table 16. Lis t ing  "f In te r face  f o r  ST-STS-OMS K i t  Model 
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OR''3INAL. P.Gf is 
OF POOP, QUALITY 

ZPAVL 
ZPAtL 
zpn v L 
ZPA v L 
ZPAYL 
P A v L  
ZPAVL 
ZPA I C  

FHINP 
FREOPT 
TP 
PM 1 
PM2 
Fk2 
PL 1 
712 

29 
1 

36 

7 
7 

36 
36 

Table 15. Listing of the matrices output by subroutine 
ZPAYL for  the OMS K i t  

L I S T I N G  OF MATRICES ON LOCICAL U N I T  4@ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - -  
NO.  RUN F'7 NAME NROVS NCOLS D A T E  OENSI _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ - - - _  - - - - -  - - - - - -  - - - - - - .  

1 ZINTF FREOI I 33 llSE82 100% 
2 Z I N T F  62 33 300 11SE82 1oox 
3 Z I N T F  P2 33 189 1 1 ~ ~ 8 2  ICOY. 

J Z I N T F  BPKZ 33 33 11SE82 loo:! 
6 Z I N T F  PHIIB 33 33 llSE82 100:: 

4 Z I N T F  BPM2 33 33 11SE82 loo:! 

7 ZINTF FREOPA 183 llSE82 100"- 

Table 1'. Liscing of the matrices output by subroutine 
ZIKTF for t h -  ST-STS-OMS K i t  system 
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Z I N T F  T G  SHANAHAk 
PROGUAM Z I N T F  FOR THS ST-STS-OMS K I T  MODEL 
PART OF PAYLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 

2 
40  10 
33 189 

EM 1 0 
BM2 0 
6 k 2  0 

6 175 
I F A C E F  1 

1 1 

-0 
PM 1 0 
 PA^ 0 
P K 2  0 
FRECPT 0 

7 14 
I F P C E P  1 

1 1 

OOOOQ00000 
PM 1 0 
PM2 0 
F K 2  0 
FREOPT 0 
STOP 

7 

-3OZBOOST 
- 30ZEOOST 
- 302BOOST 

5 
13 22 2 1  

- 3 T ZP A Y  L 
- 3  1 Z F A Y L  
- 3  1 ZPA IC 
- 3  12PAV L 

.. 
1 1  12 14 

- 3 2 Z Q A Y L  
- 3 2 Z D A r  C 
-32ZPA ’ r  L 
- 3 2 Z P A Y L  

NPAY 
NWFILE.NWRKFL.NWRITE - 

* 1FB.NFTOT * 
* 3HUTTLE COUPLING H I S S  M A T R I X  

SHUTTLE M P S S  M A T R I X  REOVCEO TO INTERFACE * - SHUTTLE S T I F F N E S S  QEDUCEr) TO INTEQFACE * 

* I F P . N P  - FOR THE :.?ACE TELESCOPE 
* VECTOR OF ST I N T E R F L C E  DOFS * 

0 7 31 

ST C O U P L I N G  MASS M A T R I X  
5 T  MASS MATRRlX  REDUCE0 TO INTERFACT - 
ST S T I F F N E S S  REDUCED TO INTERFACE - 

* ST TRUNCATED. CANTILEVERED FEEOUENCIES - 
* I F F .  NP FOR OMS K I T  - . VFCTOR OF OMS K I T  INTERFACE OOFS - 
25 2 E  2 9  3 3  

* OMS K I T  COUPLING MASS M A T R I 7  
OMS K I T  M I S S  M A T R I X  R E O X E O  T O  I N T Z R F A C E  * 

. OMS K I T  S T I F F N E S S  REDUCED T O  INTERFPCE ’ 
OMS K i T  TRUNCATED. CPNTILE \ ’EQED FREC . 

Figure 38. Input deck to program INTFACE 
for the ST-STS-OMS K f t  system 

81 



ORIGINAL PAGE IS 
OF POOR QUALITY 

N W F I L E  = 4 0  
N Y R K F L  = 10 

W R I T E  = 1 

NUMBER ^ F  BOOSTER I N T E R F A C E  @OFS = 33 ( I F B  = 3 3 1  

NUWsER OF T U T A L  PAVLOAO W O E S  RETAI?!EC = 189 ( Y P T O T  * ' 891  

I N P U T  DATA FOR THE 2 P A t L O A O S  _ _ - _ _ - - - - - _ _ _ - _ _ - - - - - - - - - - - - - - - - -  

NUMBER OF PAYLOAD I N T E R F A C E  DOFS = 6 

NUMBER OF PAVLOAO TRUNCATED MOCEF USED = 175 

I V E C  OF PAVLOAD I N T E R F A C E  DOF LOCATIO::~ IN THE BOOSTER I N T E P r A C E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F A C E P  t 1 X 6 ' I N P U T . '  VECTOR C F  S T  I N T E R F A C E  DOFS * 

1 1 18 22 2 1  P 7 31  
E M )  OF R E A D I M .  
**..,. l.t.-..*.*w....~..*...w.*.*..~.~w....*,....~..**............-..*.~...*.*.. 

NUMSER O C  P A V L O ' D  I N T E R F A C E  COFS = 7 

NUMBER 3F FAYLOAD TRUNCATED MODES USED - 14 

I V E C  OF PAVLOAD IhrTERCACE OOF L O C b l I G N S  I N  THE BOCSTER I N T E R F A C E  
_ - - - _ _ - _ - - - - . . - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - _ - - - _ _ _ _ _ -  

!FACEP I 1 7 \ ' I N P U T '  VECTOR O F  nMS K I T  I N T E Q F f l C i  DOFS a 

7 ! 1 1  12 i d  2 5  26 28 33 
END OF Q E A 3 I M  . .  ~.~.+..~... . . .~..-. . . . .*. . . .~..~~~~.,~*.~~~*~..~.~..~.~...*~... . . . . . . . .~.~.~ ... . . .* , .++.**,  

Figure 39. Sample output from subroutine ZINTF 
:or the ST-STS-OMS K i t  system 
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alosg with the conatants  NF - 120, 
shows thc  Input deck t o  program FGRCE and i ts  in t e rp re t a t ion  is l i s t e d  
i n  Figure 41. This r e su l t an t  d a t a  is v r i t t e n  on NF’ORFL sequcnt ia l ly ,  
resultfr\g i n  r r l a t f v a l y  f a s t  and easy UIQ in t h e  responae Fro(lram. 

NB - 300 and IF - 33. Figure 40 

Using the q u a n t i t i e s  ca lcu la ted  i n  these pravious pn3grams, we then 
ran t he  response program. The input deck t o  program RESWNS is glven i n  
Figure 42. The time i n t e r v a l  of I n t e r e s t  is t - 0.0 aeconds t o  t - 10.0 
seconds. The inlti81 condi t ions were ca lcu la ted  by solving the nsponoc 
*auation a t  time - 0.0 seconds wi th  t h e  velocities, e las t ic  acce le ra t ions  
a&d the r i g i d  body displacements equal  to  zero. Thereby, ca l cu la t ing  the  
r ig id  body a c c e l e r ~ t i o n s  and +last!c displacements. 
response run were then uved with a? acce le ra t ion  r r ans fomat ion  matrlx 
(All!), provided by NASA, t o  ca lcu la t e  the  d i s c r c t c  acce lera t ions  of the  
space telescope. Figure 43 shows how subrout ine ZRESP i n t e r p r t t e s  t h i s  
input deck. 

The r e s u l t s  of this 

EFORCE TG SHANAHAN 
PROGRAN ZFORCE FOR ‘ITiE SPACE SHUTTLE MIDEI 
PART OF X COHPLETE BOOSTER-PAYL3AD INTOGRATION SOFTWARE PACKAGE 

(HSFI; HODEL.) 

2Q 2 5  60 

120 300 33 
0. 10.0 0.005 

0 
TABT3 0 -30STREV 
TABF3 0 -3OSTREV 
PHINBR 0 -3lZBOOST 
TBR 0 -312BOOST 
STOP 

Figure 40. Input deck t o  progra FORCE 
f o r  the  Space Shu t t l e  



Figure 41. Sample output from subroutine ZFORCE 
for the Space Shuttle 
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ORIGINAL PK.: 
OF POOR QUALITY 

ZRESP TG SHANAHAN 
PROGRAM Z l E S P  FOR ST-STS-OMS K I T  MOOELS 
PCRT OF A COMPLETE BOOSTER-PAYLOAD I N T E G R A T I O N  SOFTWARE PACKAGE 

4 0  20 
0. 
0 5  

12r) 3CO 
o c  

FREOET 0 
0.01 

F R E O I  0 
0.01 

FREOPA 0 
0.01 

8 2  0 
P 2  0 

l N B O  0 
ONBCC 1 
OOOOOCOOOO 
0160 0 
QIBDO 1 - 
ONPO c 
JNPC3 1 - 
STOP 

FHIIB o 

1 30 

0 . 2 5  

0 

t C . 0  

33 189 

- 3 1 ZBOOST 

- 322 I NT F 

- 3 2 Z I N T F  

- 3 2 Z f N T F  
- 3 2 Z I N T F  - 322 I N T F  

3cIc 
3 3 f T  I N T L  

33Sl I N T L  
33 

335 T I N T  L 
190 

Figure  43. 

8 NVFILE.WRKFL.NWRITE.NFORFL 4 

GAMI lA .8ETA 
N F . N B . I F . N P  = 

* BOOSTER TRUNCATED.CANT1LEVEREC FREQ * 
ZETAB 
I N T E R F A C E  FREOUENCIES * - ZETA1 * 
ASSE l lSLED P A i L O A O  FREQUENCIES * 

* ZETAP 

@.W5 * STARTT .€NOT .CELTAT 

NOAMP8.  N C A H P I  . NCAYPP = 

1NTERFACE;BOOSTER COUPLING MhSS MAT * 
I N T E S F A C E , P A i C P A O  COUPLING S T I F F N E S S '  

* INTERFACE MODES . 
I N I T I L L  BOOSTER DISPLACEMENTS * 

* I N I T I A L  BOOSTER V E L O C I T I E S  * 

I N I T I A L  I N T E R F A C E  DISPLACEMENTS - 
I N I T I A L  I N T E R F A C E  V E L O C I T I E S  - 

* I N I T I A L  FAYLOAO DISPLACEMENTS * 
* I N I f I A L  PAVLOAD V E L O C I T I E S  - 

Input deck to program RESPONS 
f o r  the  ST-STS-OMS K i t  system 

NWFILE f A 0  
NWRKFL = 20 
NFORFL = 30 

DATA IS W I T T E N  ON PAPER EVERY t T I M E  STEPS 

PARAMETERS FOR NEWMARK-CHIN-BETA I N T E G R A T I O N  ROUTINE 

GAMMA = 500OQO 
BETA - 2500CO 

Vf iLUE OF BOOSTER MOLAL D A M P I N J  IS CONSTANT I NDAMPB = 0 1 

VALUE OF P A I L O A D  MODbL D4MPING I f  P CONSTANT INDAMPP = 01 

NUMBER OF FORCES A P P L I E D  TO BOOSTER * 1 3 2  

NUMBER OF TRUNCATCD BOOSTER MODES * 3CO 

NUMBER OF t N T E R F 4 C I  IIOFS = 33 

NUMRFR OF TRUNCATED P A I L 3 4 0  MODES = (99 

Figure 4 3 .  S,aple output from s u b L o u t i n e  ZRESP 
fo. the CT-STS-OMS Kit ;ystrm 
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W e  a l s o  implemented t h e  short-cut vers ion  which is based on a base 
d r ive  o r  open loop technique and was explained in sec t ion  5 of Chapter I. 

F i r s t ,  a nev program must be developed i n  order  t o  so lve  Equations 
(24) through Equations (25-30). This program is calledZSCBRES and is  
l i s t e d  hi sec t ion  6 of Ctqter 11. 
ZRESP and it i s  be l i eved . tha t  enough comment cards  are included so that 
the  user  should be ab le  t o  apply it  without d i f f i c u l t y .  The Input deck 
is described i n  Figure 44. 
This Input deck is echo& by progranESCBRES as shown in Figure 4 5 .  

Its use  is very similar t o  that of 

Note that w e  used d i s c r e t e  i n t e r f a c e  displacements. 

The o ther  change is t h e  c rea t ion  of a new response routineZSCPRES. 
Here w e  used i n t e r f a c e  modes [+!I which is not  a requirement, but t he  
user  should be aware that i n  t h e  present  vers ion  these  i n t e r f a c e  modes 
are used. 
46 and its i n t e r p r e t a t i o n  !s shcuii tn Figure 47. The r e s u l t s  f o r  some 
test problems are discussed in sec t ion  5 of Chapter IV of t h e  Final Report. 

The Input d x k  t o  subroutineZSCPRES is  i l l u s t r a t e d  in Figure 

. 

TSCBRES TG SHANAHAN 
S W R T  CUT N O M I N A L  BOOSTER RESPONSE WITHOUT PAYLOADS FOR BOOSTER 1 
OUTPUT TO BE U S E 0  I N  D I R E C T  OR COUPLE0 BASE D R I V E  ROUTINE 

4 0  10 25 30 * NWFILE.NWRKFL.NWRITE.NF0RFL 
0 .  0.9 c . .  S T A R T T . E N D T . 0 E L T A T  
0.5 0.25 GAMWA.BETA 
0 4 54 36 M ) A M P B . N F . N 8 , I F  

FREOBT 0 -31ZBOc)" * TRUNCATED. C A N T I L E V E X E D  BOSTER FREO 

BU 1 0 -31ZBOOST BOOSTER/ INTERFACE C O U P L I N G  MASS MAT 
0M2 3 -31ZBOOST BOOSTER MASS REDUCED TO THE INTERFACE * 
BK2 0 - 3 l Z B O O S T  * BOOSTER S T I F F N E S S  REDUCED TO INTERFACE * 
oh30 ; 54 * I N I T I A L  BOOSTER N O N - I F A C E  M O A L  D I S P  
0000000000 
ONBDO 1 I N I T I A L  BOOSTER N O N - I A C E  MODAL VEL  
OOOOOOnOOO 
XI60 1 36 I N I T I A L  INTERFACE D I S C R E T E  O I S P  
OOOoOOOOOO 
X I B O O  I 36 * I N I T I A L  INTERFACE D E I S C R E T E  V E L O C I T I E S  
oomcomm 
STOP 

0.0 * Z Z T A B  

Figure 14. Input deck t o  programZSCBRES 
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I N P U T  PARAMETERS - - - - - - - - - - - - - - - -  

ORIGINAL PAGZ iS 
OF POOR QUALITY 

N W F I L E  = 40 
NWRKFL = 10 
NFORCL = 30 

DATA I S  W R I T T E N  ON PAPER EVERY 25 T I M E  STEPS 

STARTT - 0.000000 
END1 = .900000 

D E L T A T  = .OIrYlOo 

PARAMETERS FOR NEWMARK-CHIN-BETA I N T E G R A T I O N  hZ.LITINE 

GAMMA = .500000 
BETA * .25oooO 

VALUE OF BOOSTER MODAL D A M P I N G  I S  CONSTANT (NOAMPB = 0) 

NUMBER OF FORCES A P P L I E D  TO BOOSTER = 4 

NUMBER OF TRUNCATED BOOSTER MOOES = 54 

NUMBER OF INTERFACE OOFS = 36 

Figure 45. Sample output from subroutine ZSCBRES 
for sample problem 1 

r S C P R E S  70 SHANAHAN 
PROGRAM SCPRES - SHORT CUT RESPONSE V A R Y I N G  BETWEEN A O I R E C T  BASE 
D R I V E  AND A COUPLED BASE D R I V E  FOR BOOSTER 1 .  P A V L  1. PAVL 2 SVSTEM 

40 2 0  25 30 * NWFILE.NWRKFL.NUR:TE.NRESOFC 
0. 0.9 0.01 * S T A R V .  E N D T . 0 E L T A T  
0.5 0 . 2 5  GAMMA. BETA 
1 .o E P S I L O N  

4 54 36 36 N F , N E . I F . N P  
0 0 0  NDAMPB.NOAMPf.NDAMPP 

FREOBT 3 - 3 l Z 0 0 0 S T  TRUNCATED, C A N T I L E V E R E D  BOOS?-Q FREO 

F R E O I  0 - 3 P Z I N T F  INTERFACE FREOUENCIES 

FEF-PA 0 - 3 2 Z I N T F  ASSEMBLED. TRUNC. CANT PLVLOAO FREO 

0.00 ZETAB 

0.00 ZETA1 

n o 0  ZETAP 
1 0 - 3 Z Z I N T F  BOOSTER/INTERFACE COUPLINQ MASS MAT 

0 - 3 2 2 I N T F  PAVLOADIINTERFACE COUPLING MASS MAT 
% .L 0 -33ZBOOST BOOSTER MASS REDUCED TO INTERFACE * 
BK i 0 -33ZBOOST BOOSTER S T I F F  REDUCED TO INTERFACE 
BPM2 0 - 3 2 L I N T F  f300SfER/PAVLOA0 COUPLIL'G MASS M A T R I X  
B P K 2  0 - 3 Z L I N T F  ROOSTER/PAVLOAO COVPLING S T I F F N E S S  
P H I I B  0 - 3 Z Z I N T F  INTERFACE MOOES 
ONPO 1 36 I N I T I A L  PAVLOAO MODAL D I S P L A C E M E N T S  - 
W O O  1 36 I N I T I A L  PAVLOAO MODAL V E L O C I T I E S  
0000000000 
STOP 

rigure 4 6 .  Input deck t o  program ZSCPRES 
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N W F I L E  = 40  
NVRKFL = 20 

NRESOFL = 30 

DATA I S  W R I T T E N  ON PAPER EVERV 25 T I M E  STEPS 

START1 = 0.0000(10 
€NOT = .900000 

D E L T A 1  = .OloooO 

PARAMETERS FOR N E W A R K - C H I N - B E T A  I N T E G R A T I O N  R O U T I N E  

GAYl lA - .500000 
B E T A  = .25oooO 

VALUE OF BOOSTER WODAL DAMPING IS CONSTANT (NDAMPB * 1 ) 

VALUE OF PAYLOAO MODAL OAMPING IS A CONSTAhT (NOAMPP = 1 ) 
. 

NUWBER OF FORCES A P P L I E D  TO BOOSTER = 4 

NUMBER OF TRUNCATED BOOSTER MODES = 54 

NUMBER OF I N T E R F A C E  OOFS - 36 

NUMBER OF TRUNCATED PAYLOAD MODES = 36 

- 

Figure 47. Sample output from subroutine ZSCIaES 
for sample problem 1 
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6. LISTINGS 

First, w e  list the 6 major programs : 

BOOSTER 
PAYLOAD 
INTFACE 
RESPONS 
FORCE 
LOADS 

Then, w e  l ist the short-cut routines : 

ZSCBRES 
ZSCPRES 

Fillally, w e  a l so  l ist  the special purpose subroutines, 

ZABDI 
ZMULTCD 
ZMJLTDD 
ZTER? 
ZTERP1 
ZTOSCQZ 
ZTOSEQ3 
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C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 

C 
C 
C 
c 

r 
V 

I' " 

PROGRAM BOOSTER (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT, 
+ T A P E 2 0 , T A P E 3 0 , T A P E 3 1 , T A P E 3 3 , T A P E 4 0 )  

1 C A L L  START 
C A L L  T IMCHK ( S H T B E G I N  1 
C A L L  T IMCHK (SHZBOOST)  

C A L L  ZBOOST 
C A L L  T IMCHK (GHZBOOST) 
C h L L  T IMCHK ( S H T P R I N T )  

GO TO 1 
END 

************** 
* * 
* ZBOOST * * * 
* * * + * a * * * * * * * *  

SUBROUTINE ZBOOST 

SUBROUTINE ZBGOST PRODUCES A L L  BOOSTER RELATED I N P U T  DATA 
NECESSARY TO RUN PROGRAM I N T F 4 C E .  

DEVELOPED B Y  RC ENGELS AND TG SHANAHAN , FE5'lll lolRY 1 9 P 1 .  

1 .  SUBROUTINE 26QOS'i IS PART OF A COMPLETE BOOSTER/PAYLOAD 
I N T E G R A T I O N  SCIFTWARE PACKAGE U S I N G  A D I R E C T  NUMERICAL 
INTEGRATIOt4  T E C i i N I Q U E .  A D I S C U S S I O N  OF T H I S  TECHNfQUE Cb'i  
BE FOUND I N  "STR:ICTUHAL 3YNAMICS PAYLOAD LOADS E S T I M A T t :  
F I N A L  REPORT, JUNE 1 9 8 2 " .  ",SO, A USER G U I D E  I S  C J N T I A I ' J E D  
I N  "STRUCTURAL DYNLVICS PAYLOAD LOADS E S T I M A T E S  - USER 
GUJDE,  JUNE 1 9 8 2 " .  

2 .  THE FOLLOWING D A r A  IS OUT ON NWFI  _ .  
- BK2 - - 

- BM2 - .. 
-FREC)RT - - 
-PHINE'? - 

- T R R  - 

TBT*BK*TB.  BCOSTER S T I F F N E S S  M A T R I X  REDUCED YC e E  
INTERFACE.  I F  THE INTERFACE I S  
DETERMib'AfC_ THEN B K 2 = 0  . S I Z E  ; I F , I F I .  
T B T * B M w I B * P H I N B .  BOOSTER COUPLING MASS M A T R I X  
BETWEEN INTERFACE AND NCJN-INTERFACE DOFS.  
S I Z E  ( I F , N B ) .  
TBT*BM*TB.  BOOSTER MASS M A T R I X  REDUCED TO THE 
I N T E 4 F A C E .  S I Z E  ( I F , i F ) .  
TRUNCATED CANTILEVERED BOCSTER FREQUENCY I C T L F .  
S I Z E  ( 1 , N B I .  
THE INTERFACE EXPANDED SET OF TRUNCATED 
C A N T I L E V E R € D  BOOSTER KODES WHERE ROWS 
CCRRESPONDING TO ZERG A P P L I E D  FORCES A R E  GELETED.  
S I Z E  1 N F . N B I .  
THE CONSTRAiNT MODAL MATRLX WHERE RGkS 

91 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
c; 
c 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c: 
C 
C 
C 
c. 
C 

u 

ROWS CORRESPONDING TO i t R O  A P P L I E D  FORCES A R E  
DELETED.  S I Z E  ( N 5 , I F ) .  

3 .  SUBROJTINE ZBOOST C A L L S  THE FOLLOWING FORMA SUBROUTINES:  
- PAGEHC, READIM,  T I M C H K ,  Z A T X B ,  ZDTSA,  ZREAD,  ZRECX,  Z S A V E L ,  

ZSAVEW, Z S I Z E ,  ZSLADR,  Z W R I T E ,  ZWRKFL, ZZBOMB, ZZERO 

SUBROUTINE ZBC30ST HAS NO SUBROUTINE ARGUMENTS. 

E.I(AMPLE OF C A L L i N G  PROGRAM ON CDC 1 7 2 / 7 2 0 / 7 3 0  
- - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

F I L E  ASSUMPTIONS : 
- T A P E 1  = WORd F I L E  REQUIRED BY ZBOOST. N W R K F L = l  
- T A P E 1 3  = F3RMA F I L E  (FOR I N P U T  D A T A ) .  NOTE THAT MORE 

TNAY ONE FORMA F I L E  MAY BE NECESSARY I F  I N P U T  
DATA IS RECORDED ON SEVERAL FO9MA F I L E S .  

-TAPE 11 = FORMA F I L E  (FOR OUTPUT D A T A ) .  N W F 1 L E Z l i  

PROGRAM BOOSTER ( INPUT,OUTP?IT ,TAPE5=INPUT,TAPE6=01 !TPUT,  

C A L L  T IMCHK I G H T B E G I N )  
C k L L  T IMCHK (GHZBOOST)  

C A L L  T IMCHY (GHZBOOSTI  
C A L L  T I M C H h  ( G H T P R I N T )  

* T A P E l , T A F E l O , T A P E l l )  
1 C A L L  START 

CALL ZBOOST 

GO T O  1 
END 

I N P U T  FORM " - - - - - _ - - -  
C A L L I N G  PROGRAM MUST - C A L L  START-  

READ i 4 1 5 1  I F , N B , N D . N F  
READ ( 3 1 5 )  NWFILE,NWPKFL,NWRITE 
READ ( 4 1 5 1  NEXP,NTBINBMK12,NDET 
C A L L  ZREAD ( P H I N B )  
I F  ( N E X F  . L Q .  1 )  GO TO 1 
C A L L  REAt r IM  ( I F A C E , N R l , N C l , l , K 1 1  

C A L L  REAOIM ( N F O R C E I N R 2 , N C 2 , 1 , K 2 '  
I F  ( N T B  . E Q .  1 )  GC T O  3 
I F  i N E X P  .EO.  0 )  GO TO 2 
C A L L  READIM ~ I F A C E , N R l . N C l . l , K l I  

C A L L  ZREAD ( B M )  
C A L L  ZREAD ( B K )  
GO TO 5 

3 CONTINUE 
C A L L  ZREAC l T B l  
I F  lNBWKl2 .EO. 1 )  GO TO 4 

1 CONTINUE 

2 CONTINUE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c, 
C 
C 
C 
c; 
5 
C 
C 
c 
c 
C 
c 
c 
C 
C 
C 
C 

C 
C 

r 

r 
\I 

C A L L  ZREAD (BRZ’ 
C A L L  ZREAD ( B K )  
GO TO 5 

4 CONTINUE 
C A L L  ZRZAD ( B M 1 )  
C A L L  ZREAD ( B M 2 )  
IF ( N D E T  .EQ.  1 )  GO TO 5 
C A L L  ZREAD (B1(2)  

5 CONTINUE 
C A L L  ZREAD ( F R E Q b ;  
RETURN 

THEREFORE THE FOLLOWING CASES OF I N P U T  ARE ALLOWED : 

I F , N G , N D , N F  
NWFILE,NWRKFL,NWRITE 
E : IXP ,NTR,NBMK12,NDET 
D H I N B  
I F A C E  
NF3RCE 
Btf!, BK 
TB 
BM: , BM2 
S K 2  
;’REQB 

NOTE ‘TH?,T THE ORCER OF APFEARP!CE I N  THE I N P U T  F I L t  OF THE 
APOVE Q U A N T I T I E S  IS IMPORTAFIT. >!.SO, NOTE THAT THE C A S k  rJTB=O 
AND N C M K 1 2 = 1  IS CONSIDERED I M P O S S I B L E  I . E .  I F  T B  IS NOT G I V E N  I T  IS 
ASSUMED THAT BM2,  B K 2 ,  AND BM1 ARE NOT G I V E N  E I T H E R  ANC MUST BE 
CALCULATED ( I . € .  I F  NTB=O THEN N E C E S S A R I L Y  N E M K 1 2 = O )  

BK 

BK 2 

BM 

BM 1 

BM2 

I F  
I F A C E  

NB 

NBMK 12 

ND 

D I S C R E T E  F P E E  BOOSTER S T I F F N E S S  M A T R I X  I N  “ A R T I T I O N -  
L Q G I C .  SiZE ‘ N D , C J D ’ ! .  
T B T * B n * T B .  BOOSTEP S T I F t N E S S  M A T R I X  HEDUCEb TO THE 
I N T E R F A C E  I N  P A R T I T I O N - L O C I C .  Wh,N :‘HE 
INTF , .  ’ACE IS DETERM!:jATE, b K 2 = 0 .  S I Z E  ( I F ,  I F  j .  
D I S C R E T E  FREE BOOSTER MAS5 M A T R I X  I N  P A R T I T I O N - L O G i C ,  
S I Z E  N P .  til2 I . 
TBT*BM*IB*PHI ’ I ; : .  BOOSTER C O U P L I N G  MASS M A T R I X  BETWEEN 
I N T E R F A C E  ANb NON- I N T E R F A C E  DOFS I h  PARTITION-LOG: ’ : .  
S I Z E  ( I F , N B ) .  
T B T * b M * T B .  B@P=TER MAS5 M A T R I X  REDUCED TO THE I N T E R F A C E  
I N  P L R T I T I O N - ; ,  , IC. S I Z E  ( ? -  I f  j .  
NLMBER OF I N T E R F A C E  DOFS 
VECTOR OF I N T E G E R 5  TO I N D I C Z T E  !Fd:E!?FACE L O C 4 T I O N t  I N  
D E N S E - L C G I C .  S I Z E  i 1 , I F ) .  I F A C E t  I )  N .  N: LOCCl‘YiJN 13: 
I - i H  I N T E R F A C E  D I ~ F  I N  D I S C R E T E  5 :>PLACEMENT V E C ’ .  JR JF 
BOOSTER. 

FREQ6T OF NUMBER OF ROWS 1 N  P H I N B 2 .  
0 B M 2 ,  ‘ S 2 ,  AYD LM1 ARE NOT A Y 4 I L ; S L E .  

1 EM2.  B K 2 ,  AND BM1 ARE A ‘ i A I L 4 B L E .  
NUMBER OF IIOWS AND COLUMNS I N  BM LND 6 K  \ I N C L U D I N G  

NUMBER OF TRUNCATEG BOOSTER MODES.  NUMEER OF COL’IMNS 1 

( B K 2  I S  NECESSARY ONLY I F  N D E T ~ S )  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
b 

- 
L 

C 

NDET 

NEXP 

NF 

NFORCE 

NTB 

NWF I L E  
NWR I TE 

NWRKF L 
FREQB 

P H I  NB 

TS 

ORIGINAL PAGE 1s 
IYTERFACE D O F S ) .  OF POOR QUALITY 

= 0 THE INTERFACE I S  NOT DETERMINATE. 
= 1 THE INTERFACE I S  DETERMINATE. 
= 3 THE CANTILEVERED BOOSTER MODES ARE A V A I L A B L E  BUT 

ARE NOT EXPANDED TO INCLUDE THE I N T E d F A C E  DOFS. 
= 1 THE INTERFACE EXPANDED CANTILEVER BOOSTER MODES ARE 

A V A I L A B L E .  
= NUMSER OF NON-ZERO A P P L I E D  D lSCRETE BOOSTER FORCE 

CUMPONENTS. NUMBER OF COLUMNS I N  PHINBR AND TBR. 
= VECTOR OF INTEGERS I N  DENSE-LOGIC TO I N D I C A T E  DOFS I N  

THE BOCSTER WiiERE NON-ZERO FORCES ARE A P P L I E D .  
N F O R C E ( 1 )  = DOF WHERE THE I - T H  FORCE COMPONENT !N 
TAELE OF FORCES is A P P L I E D .  THE TABLE OF FORCES 
SHOULD BE ORDERED FROM LOWEST DOF TO THE HIGHEST 
DOF CORRESPONDIWG TO NON-ZERO FORCE COMPONENTS, SO 
THE NFORCE VECTOR SHOULD ASLO BE INCREASING.  
S I Z E  ( 1 , N F j .  

= 3 T B  I S  NOT A V A I L A B L E  
= 1 TB I S  A V A I L A B L E  
= ,OGICAL F l L E  NUMBER FOR OUTPUT DATA. ( E . G .  N T A P E = 1 1 )  
= 0 RESULTS ARE NOT PRINTED ON PAPER. 
= 1 RESULTS ARE P R I N T E D  ON PAPER. 
= L O G I C A L  F I L E  NUMBER FOR WORKFILE.  ( E . G .  N W R K F L = l )  
= CANTILEVERED BOOSTER FREQLJENCY VECTOR I N  

P A R T I T I O N - L O G I C .  S I Z E  ( 1 , N T )  WITH NT .GE.  NB.  
= CANTILEVERED BOOSTER MODES I N  P A R T I T I O N - L O G I C .  

I F  NEXP=O : INTERFACE DOFS ARE NOT INCLUDED.  

I F  N E X P = l  : INTERFACE DOFS ARE INCLUDED, I . E .  Z€RO ROWS 
WHERE INTERFACE DOFS OCCUR. S I Z E  ( N D , N T ) .  

S I Z E  ( N D , I F ) .  

S I Z E  ( N D - I F , N T ) .  

= THE CONSTRAINT MODAL MATRIX  I N  P A R T I T I O N - L O G I C .  

NERROR EXPLANATIONS - - - - - - - - - - - - - - - - - - -  
1 = INPUT S I Z E  OF THE NON-INTERFACE EXPANDED P H I N B  

2 = INPUT S I Z E  OF I F A C E  IS INCORRECT. ( N C 1  .NE.  I F )  
3 = INPUT S I Z E  OF THE INTERFACE EXPANDED P H I N B  

4 = I N P U T  S I Z E  OF NFORCE I S  INCORRECT. i N C 2  . N E .  N F )  
5 = THE NFORCE VECTOR D3F-S NOT MONOTUMICALLY INCREASE.  

I S  INCORRECT. ( N R P H I  . N E .  ( N a - I F ) )  

I S  INCORRECT. ( I i R P H I  .NE.  N D )  

DIMENSION,COMMON,@ATA,FORMAT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D IMENSION I F A C E  ( 2 0 0 1 ,  NFORCE ( 5 0 0 )  
COMMON / N I T N O T /  N I T , N @ T  
DATA K 1  , K 2  /200 ,500 /  

1000 FORMAT ( 1 0 1 5 )  
2000 F O R M A T I 9 { / ) , 4 9 X , * I N P U T  VARIABLES TO Z B O O S T * , / ,  

* , 4 g x , * - - - - - - - - - - - - - - - - - - - - - - - - - *  , / / I .  
* , 5 3 X , * N W F I L E  = * , 1 5 , / , 5 3 X , * N W R K F L  = * . I 5 , / ,  
* , 5 3 X , * N W R I T E  = * , I 5 , / / / ,  
* , § O X , * D E S C R I P T I O N  OF BOOSTER*, /  
* , 5 o x , * - - - - - - - - - - - - - - - - - - - - - -  * , / / I  
* ,45X.*NUMBER OF BOOSTER DOFS = * , ! 5 , 1 0 X , * N D  = * . I s . /  
* 3SX,*NUMBER OF BOOSTER INTERFACE DOFS = * . 1 5 , 1 0 X , * I F  = * 1 5 / 2 5 X  
* ,*NUMBEri OF TRUNCATED BOOSTER MODES RETAINED = * . I S , l G X , * N B  =*,I5 
* /28X,*NUMBER OF FORCES A P P L I E D  TO THE BOOSTER = * , I S , l O X , * N F  = * , I 5  
* / / /  J 
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2001 FORMAT t 1 9 X , * T I  
* , 1 0 X , * ( I  

2002 FORMAT (23X,*TI * , * ( I  
2 0 0 3  FORMAT ( 3 6 X , * T I  * 11) 
2 0 0 4  FORMAT ( 3 0 X , * T I  * * ( I  
2005 FORMAT ( 3 6 X , * B I  * * ( I  
2006 FORMAT (40X, *B I  
2007 FORMAT ( 39X, *TI  
2008 FORMAT ( 4 3 X , * T I  

C 
C 
C 
C 
C 

C 

C 

C 
C 
C 

C 

C 
C 
C 
C 

C 

i 
Y 
i 
Y 
B 

B 
Y 
U 
Y 
U 
i 
i 

IE MODES ARE NOT EXPANDED TO INCLUDE INTERFACE COFS* 
tEXP * O)*,/) 
IE MODES ARE EXPANDED TO INCLUDE INTERFACE OOFS*,lOX 
IEXP = l )*, /)  
, 6M1, BM2, AND 6 K 2  ARE NOT GIVEN* , lOX, * (NTB 8 0). 

- THE CONSTRAINT MODAL MATRIX I S  G IVEN* , lOX,  
~ T 6  = l )*, /)  

lBMK12 = O ) * , / )  
11, BM2, AND 6 K 2  ARE AVAILA6LE* , lOX, * (N6MK12  = l ) * / )  
iE INTERFACE I S  NOT DETERMINANT*,lOX,*(NDET 0)*,/) 
IE INTERFACE I S  DETERMINANT*,lOX,*(NDET = l)*,/) 

11, BM2, AND 6 K 2  ARE NOT AVAILABLE* , lOX,  

PAGE fs A .  BEGINNING OF PROGRAM . . . . . . . . . . . . . . . . . . . . . . . .  
READ ( N I T , l O O O I  IF,NB,ND,NF OF P a ) ~  QUALITY 
READ ( N I T , l 0 0 0 )  NWFILE,NWRKFL,NWRITE 
GEAD ( N I T , 1 0 0 0 )  NEXP,NTB,NBMK12,NDET 

CALL PAGEHD 
WRITE (NOT,2000)  NWFiLE,NWRKFL,NWRITE,ND,ND,IF,IF,N6,NB,NF,NF 
I F  (NEXP .NE. 1 )  WRITE ( N O T , 2 0 0 1 )  
I F  (NEXP .EO. 1 )  WRITE ( N O T , 2 0 0 2 )  
I F  (NTB .NE. 1 1  WRITE (NOT,2C03)  
I F  (NTB .EO. 1 )  WRITE ( N O T , 2 0 0 4 )  
I F  (NBMK12 .NE. I .AND. NTB .EQ. 1 )  WRITE ( N O T , 2 0 0 5 )  
I F  (FiBMK12 . E Q .  1 )  WRITE ( N O T , 2 0 0 6 )  
I F  (NUET .EO. 0 )  WRITE ( N O T , 2 0 0 7 )  
I F  (NDET .NE. 0 )  WRITE ( N O T . 2 0 0 8 )  

CALL ZWRKFL (NWRKFL) 

6 .  COMPUTE PHINBR - - - - - - - - - - - - - - - - - -  
CALL TIMCHK (6HPHINBR)  
CALL TIMCHK (6HREAD 1 

CALL TIMCHK (6HREAD 1 
CALL ZREAD ( P H I N B )  

CPLL ZSIZE (PHING.NRPHI ,NCPHI I  
NNzND- I F  

I F  (NEXP .EQ. 1 )  GO TO 100 

I F  (NRPHI  .NE. N h t  
NERROR: 1 
GO TO 999 

01 .  TRUNCATE THt  CANTILEVERED MODES AND THEN 
EXPAND THEM T O  INCLUDE INTERFACE DOFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LALL TIMCHK IGHREAD 

CALL TIMCHK (GHREAD 
NERROR.2 

CAL.  READIM ( I F h C E , N R l , h C l , l . K l )  

i F  (tiit .NE. I F I  GO T O  999 

J= 1 
GC 20 Y = l , N D  
I F  * J  . G T .  I F )  GO TO 10 
I F  'IF4CE(JI .NE.  1 )  GO TO 10 
NFORCEII I n 0  
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J = J + 1  
GO TO 20 

1 0  N F O R C E ( I ) = I - t J + I  
20 CONTINIJE 

C 
CALL ZZERO (ZZ,ND,NB)  
NN=ND- I F  
CALL ZDISA ~ P H I N B , l , l , N N , N B , T T )  
CALL ZSLADR ( l . ,TT,NFORCE,ND,ZZ)  
GO TO 120 

C 

C 
C 
C 

1 0 0  CONTINUE 

82. TRUNCATE THE EXPANDED MODES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NERROR = 3 

I F  (NRPHI  .NE. ND) GO TO 999 
CALL ZDISA ( P H I N B , l , l , N D , N B , Z Z )  

C 

c *******************************************~.****X***  

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 8 3 .  DELETE ROWS THAT CORRESPOND TO DEGREES 
C 
C 

1 2 0  CONTINUE 

CALL ZSAVEW (ZZ,GHPHINB ,NWFILEI  

OF FREEDOM WITH ZERO FORCES APPLIED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -  

CALL TIMCHK (GHREAD 1 

CALL TIMCHK (GHREAD I __ CALL READIM (NFORCE,NR2,NC2,1,K2) 

I F  (NC2 .NE. N F )  GO TO 999 

DO 1 4 0  KK=2,NC2 
I F  (NFORCE(KK) .LE .  NFORCE(KK-11)  GO TO 999 

NERROR=4 

!E R R 0 R = 5 

140 CONTINUE 
C 

CALL ZZERO (PHINBR,NF,NB)  
CALL ZSLADR (l.,ZZ,NFORCE,NF,PHINBR) 

CALL TIMCHK (GHPHINBR) 
C 
C C .  COMPUTE TBR,BM2,BK2,AND BM1 c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL TIMCHK (6HTBMK12)  
I F  (NTB .EQ. 1 1  GO TO 280 

C 
C 
C 

C 1 .  TB I S  NOT GIVEN . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HREAD 1 

I F  (NEXP .EQ. 0) GO TO 2 1 0  
CALL READIM ( I F A C E , N R l , N C l , l , K l ~  

I F  (NC1 .NE.  I F )  GO T O  999 

CALL ZREAD ( E M ,  

NERROR=2 

2 1 0  CONTINUE 

CALL ZREAD ( B K )  
CALL TIMCHK (GHREAD ’ 

C 
C 
C 

CALCULATE T6, BM2, AND BK2 I N  ZREDX 
----..l----------------------------- 

CALL TIMCHK [GHZREDX I 
CALL ZREDX ~ B M , B K , I F A C E , I F , T B , B M 2 , B K 2 )  
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C A L L  TIMCHK (GHZREDX 1 
IF  (NC)ET . E O .  0 1  ea TO 260 
C A L L  LZERO ( B K 2 ,  I F ,  I F  1 

C 
C 
C 
C 

C 

C 

C 
C 
c 

260 CONTINUE 

CALCULATE BM1 

CALL 241x6 (TB,BM,LI 
C A L L  LMULT t L , L Z , B M l I  

GO TO 500 

----.-*--..-- 

280 CONTINUE 

C 2 .  TB I S  G I V E N  
---------.-1---- 

GALL ZREAO tfB1 
I F  (NRMK11 . E O .  1 )  GO TO 380 

C A L L  LREAO (BMI  
CALL LREAD ( B K )  

C 
C 
c 

CALCULATE 6 M l .  6M2,  4ND 6 K 2  __-__-_____.______--.------ 
CALL Z A T X B  ( T B , B M , Z !  
CALL ZMULT ( Z , T B , B M 2 )  
CALL LMULT ( L , Z Z . 6 M l )  
I F  (NDET . E O .  1 )  GO TO 330 
CALL Z A T K 8  ( T B , B K , Z )  
CALL ZMULT ( Z , T 6 , 6 K 2 )  
GO TO 340 

C A l  L LLERO ( 6 K 2 ,  I F .  I F  1 

GO TU 500 

330 CONTINUE 

340 CONTINUE 
C 

c 
C 
c 
C 

380 CONTINUE 

C3. R E A D  BM1.  BM?, 4ND BK? 
- _ - - . _ - - - _ _ - _ - - - - _ _ - - - - * - - -  

C C I L  TIMCHK (GHREAD I 

C A L L  TIMCHK (GHREAD I 

CALL TIMCHK (GHREAD 

C A L L  TIMCHK (6HRE4D 1 

C A L L  T IMCHh {GHREAD 



CALL ZSAVEW (TB,6HTB , NWF I L E  1 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C 

C 

. . . . . .  . . . . . _ _ . _ . _ _ . . . .  

CALL ZZERO ( TBR ,NF , IF ) 4 

CALL TIMCHK (6HTBMK12i  
CALL ZSLADR ( l . ,TB,NFORCE,NF,TBR)  

E .  READ I N  AND TRUNCATE THE BOOSTER FREQUENCIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HREAD ) 

CALL TIMCHK (6hREAD 1 
CALL ZREAD (FREQB) 

CALL ZDISA ( F R E Q B , l , l , l , N B , F R E Q B T )  

CALL TIKCHK (GHWRITE 1 

I F  (NWRITE .EO. 0) GO TO 5 1 0  

CALL ZWRITE (PHINBR,GHPHINBRI 
CALL ZWRITE (FREQBT,GHFREQBT) 
CALL ZWRITE ITBR,GHTBR 
CALL ZWRITE (BM1,GHBMl ) 
CALL ZWRITE (BM2,6HBM2 
CALL ZWRITE (BK2 .6HBK2 1 

510 CONTINUE 
C 
C G. WRITE OUTPUT ON NWFILE c . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL ZSAVEW (PHINBR,GHPHINSR,NYFILE) 
CALL ZSAVEW (FREQBT,GHFREQBT,NWFILE) 
CALL ZSAVEW (TBR,GHTBR ,NWF:LE) 
CALL ZSAVEW (BM1,6HBMl , NWF I L E  ) 
CALL ZSAVEW (BM2,6HBM2 ,NWFILE)  
CALL ZSAVEW 1BK2,6HBK2 ,NWFILE)  

CALL ZSAVEL ( N W F I L E )  
C 

RETURN 
C 

C 
999 CALL ZZBOME (6HZBOOST.NERRORl 

END 

CALL TIMCHK (GHWRITE l 
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PROGRbM PAYLOAu (INPUT,OUTPUT,TAPE5=INPUT,TAPEG=OUTPUT,TAPE20, 
+ TAPE30,TAPE31,TAPE32,TAPE40) 

C 
1 C A L L  START 

C A L L  TIMCHK ( G H T B E G I N )  
CALL  TIMCHK (GHZPAYL 1 

C A L L  TIMCHK (GHZPAYL 1 
CALL TIMCHK ( G H T P R I N T )  

C A L L  ZPAYL 

GO TO 1 
END 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

*********** 
* * 
* ZPAYL * * * 
*********** 

O!?!GiNAL FkGZ IS 
OF POOR QUALln  

SUBROUTINE ZPAYL 

SUBROUTINE ZPAYL PRODUCES A L L  PAYLOAD RELATED INPUT DATA 
NECESSARY TO RUN PROGRAiri RESPONS. 

DEVELOPED BY RC ENGELS AND TG SHANAHAN, NOVEMBER 1981. 

COMMENTS 

1 .  SUBROUTINE ZPAYL I S  PART OF A COMPLETE BOOSTER/PAYLOAD 
- - - - - - - -  

I N T E G R A T I O N  SOFTWARE PACKAGE U S I N G  A D I R E C T  NUMERICAL 
INTEGRATION TECHNIQUE. A D I S C U S S I O N  OF T H I S  TECHNIQUE CAN 
BE FOUND I N  "STRUCTURAL DYNAMICS PAYLOAD LOADS ESTIMATES - 
F I N A L  REPORT, JUNE 1982". 

2 .  THE FOLLOWING DATA IS PUT ON NWFILE : 

- FREOPT = TRUNCATED CANTILEVERED PAYLOAD FREQUENCY VECTSR. 

- PK2 = TPT*PK*TF .  PAYLOAD S T I F F N E S S  MATRIX  REDUCED TO 

- P L 1  = I P * E P * I P T * M P * I P * P H I N P T .  ( N D , N P )  A LOADS 

- P L 2  = I P * E P * I P T * M P * T P .  ( N D . I F )  A LOADS TRANSFORMATION 
- PM1 = T P T * P M * I P * P H I N P T .  PAYLOAD COUPLING MASS MATRIX  BETWE 

- PM2 = TPT*PM*TP. PAYLOAD MASS MATRIX  REDUCED TO THE 

- TP = THE CONSTRAINT MODAL M A T R I X .  ( N D , I F )  

( 1 , N P )  

THE INTERFACE.  ( I F , I F I .  I F  THE INTERFACE I S  
DETERMINATE THEN P K 2 = 0 .  

TRANSFORMATION. WHERE I P * P H I N P T  ARE THE TRUNCATED 
EXPANDED CANTILEVERED PAYLOAD MODES. 

INTERFACE AND NON-INTERFACE DOFS. ( I F , N P ) .  

INTERFACE. ( I F , I F I  

3 .  SUBROUTINE ZPAYL CALLS ?HE FOLLOWING FORMA SUBROUTINES: 
- PAGEHD, READIM,T IMCHK,  ZATXB, Z D I S A .  Z I N V 3 ,  ZMULT, ZREAD, 

ZREDX, ZSAVEL.  ZSAVEW, Z S I Z E ,  ZSLADR, ZTRANS. ZWRITE,  ZWRKFL, 
ZZBOMB, ZZERO 
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C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
ORIGINAL PAGE IIS 
OF POOR QUALITY 

SUBROUTINE ZPAYL HAS NO ARGUMENTS 

F I L E  ASSUMPTIONS : 

- TAPE1 = WORK F I L E  REQUIRED 8Y ZPPYL. NWRKFL=l .  
- TAPE10 = FORMA F I L E  (FOR INPUT D A T A ) .  NOTE THAT MORE THAN 

ONE FORMA F I L E  MAY BE NECESSARY I F  INPUT DATA I S  
RECGRCED ON SEVERAL FORMA F I L E S .  - TAPE11 = FORMA F I L E  (FOR OUTPUT D A T A ) .  NWFILEZ11.  

PROGRAM PAYLOAD r!i . iPUT,O;ITPUT,TAPE5=INPIIT,rAPE6=OUTPUT, 
* TAPEl ,TAPE lO,TAPE11)  

1 CALL START 
CALL T IMCiM 
CALL TIMCHK 

CALL TIMCHK 
CALL TIMCHK 

CALL ZPAYL 

GO TO 1 
END 

GHTSEGIN 
3YZPAY L 

GHZPAYL 
GHTPRI NT 

CALLING PROGRAM MUST -CALL START- 

READ ( 3 1 5 )  I F ,  NP, ND 
READ ( 3 1 5 )  NWFILE. NWRKFL. NWRITE 
READ ( 6 1 5 )  NEXP, NTP, NPMK12, NDET, NLOAD, NEP 
CALL ZREAD ( P H I N P )  
I F  (NEXP .EO. 1 )  GO TO 1 
CALL READIM ( I F A C E ,  NR1, NC1, 1 ,  K l )  

I F  (NTP .EQ. 1 )  GO TO 3 
I F  (NEXP . E Q .  0) GO TO 2 
CALL READIM ( IFACE ,NR1 ,NC1, 1 ,K 1 ) 

2 CONTINUE 
CALL ZREAD ( P M )  
CALL ZREAD ( P K )  
GO T O  5 

3 CONTINUE 
CALL ZREAD ( T P )  
I F  (NPMK12 . E Q .  1 )  GO TO 4 
CALL ZREAD ( P M I  
CALL ZREAD ( P K I  
GO T O  5 

4 CONTINUE 
CALL ZREAD l P M l I  
CALL ZREAD i P M 2 1  

1 CONTINUE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
2 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

5 

6 

7 

8 

9 

1 0  

ORIGINAL FAX, !9 
I F  INDET .EQ. 1 )  GO TO 5 OF POOR QUALllY 
CALL ZREAD ( P K 2 )  
CONTINUE 
I F  (NLCAD .EQ. 1 )  GO TO 9 
I F  ( N T P  .EQ. 0 .OR. NPMK12 .EQ. 0) GO TO 6 
CALL  ZREAD ( P M )  
I F  (NEP .EQ. 1 )  GO TO 6 
CALL  ZREAD ( P K )  
GO TO 7 
CONT I NUE 
I F  (NEP .EQ. 0) GO TO 7 
CALL  ZREAD ( E P )  
GO TO 8 
CONT I NU€ 
I F  (NEXP .EQ. 0 .OR. NTP .EO. 01 GO TO 8 
CALL READIM ( I F A C E , N R l  , N C l , l  , K 1 )  
CONTINUE 
I F  ( ( N E X P  .EQ. 0 .OR. NTP .EQ. 0) 

CALL READIM ( I F A C E , N R l , N C l , l , K l )  
GO TO 10 
CONT 1 NUE 
CALL  ZREAD ( P L l I  
CALL  ZREAD ( P L 2 )  
CONT I NUE 
CALL  ZREAD ( F R E Q P I  
RETURN 

.OR. NEP .EQ. 0) GO TO 1 0  

THEREFORE THE FOLLOWING CASES OF I N P U T  ARE ALLOWED : 

I F , N P , N D  (ALWAYS I N P U T )  
NWFILE,NWRKFL,NWRITE (ALWAYS I N P U T )  
NEXP,NTP,NPMK12,NDET,NLOAD,NEP (ALWAYS I N P U T  1 
P H I N P  (ALWAYS I N P U T )  
I F A C E  (IS I N P U T  WHEN NEXP=O OR NTP=O 

OR ( N E P = O  AND N L O A D = O ) I  
PM ( I S  I N P U T  WHEN NTP=O OR NPMK12=O 

OR NLOAD = O )  
PK (IS INPUT WHEN NTP=O OR N P M K 1 2 t O  

OR ( N L O A D = l  AND N E P = O ) )  
TP ( I S  INPUT ONLY WHEN N T P = l )  
PM1, PM2 ( A R E  I N P U T  ONLY WHEN N T P = 1  AND 

NPMK 12= 1 I 
PK2 (IS INPUT ONLY WHEN N T P = l ,  

NPMK12=1  AND NDET=OI  
P L  1 ( I S  INPUT WHEN N L O A D = l )  
P L 2  ( I S  INPUT WHEN N L O A D = l )  
EP ( I S  INPUT ONLY WHEN NLOAD=O AND 

FREk ( ALWAYS I N P U T  1 
NEP= 1 )  

NOTE THAT THE ORDER OF APPEARENCE I N  THE I N P U T  F I L E  OF THE ABOVE 
Q U A N T I T I E S  I S  IMPORTANT. ALSC, NOTE THAT THE CASE NTP=O AND IU?MK12=1 
IS CONSIDERED I M P O S S I B L E  I . E .  I F  TP I S  NOT G I V E N  I T  I S  ASSUMED THAT 
Ph!2,PK2 AND PM1 ARE NOT G I V E N  E I T H E R  AND MUST BE CALCULATED I 1 . E .  I F  
NTP=O THEN NECESSARILY NPMK12=O) 
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ORIGINAL PAGE IS 
OF POOR QUALITY C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 

EP 

FREQP 

I F  
I FACE 

ND 

NDET 

NEP 

NEXP 

NLOAD 

NP 

NPMK 1 2  

NTP 

NWF I L E  
NWRITE 

NWRKFL 
P H I N P  

PK 

P L 1  

P L2 
PM 

TP 

= ( I P T * P K + ! P ) * * - l  THE INVERSE OF THE CANTILEVERED 

= C A N T l L E L E R E D  PAYLOAD FREQUENCY VECTOR I N  P A R T I T I O N -  

= NUMBER OF INTERFACE DOFS. 
= VECTOR OF INTEGERS TO I N D I C A T E  INTERFACE LOCATIONS 

DENSE-LOGIC.  ( 1 , I F I .  I F A C E ( I ) = N .  N:LOCATION OF I - T H  
INTERFACE DOF. I N  D ISCRETE DISPLACEMENT VECTOR OF 
PAY LOAD. 

= NUMBER OF ROWS AND COLUMNS IN PM AND Pk ( I N C L U D I N G  
INTERFACE D O F S ) .  

= 0 THE INTERFACE IS NOT DETERMINATE. 
= 1 THE INTERFACE I S  DETERMINATE 
= 0 EP IS NOT A V A I L A B L E  
= 1 EP I S  A V A I L A B L E  
= 0 A SET OF CANTILEVERED PAYLOAD MODES IS A V A I L A B L E  BUT 

= 1 A SET OF INTERFACE EXPANDED PAYLOAD MODES I S  

= 0 THE LOAD TRANSFORMATIONS, P L I ,  P L 2 ,  ARE NOT A V A I L A B L E  
= 1 THE LOAD TRANSFORMATIONS, P L 1 ,  P L S ,  ARE A V A I L A B L E  
= NUMBER OF TRUNCATED PAYLOAD MODES. NUMBER OF COLUMNS I N  

FREQP OF NUMBER OF ROWS I N  PHINPR.  
= 0 PM2,PK2 AND PM1 ARE NOT A V A I L A B L E .  
= 1 PM2, P K 2 ,  AND PM1 ARE A V A I L A B L E .  
= 0 TP IS NOT A V A I L A B L E  
= 1 TP IS A V A I L A B L E  
= LOGICAL F I L E  NUMBER FOR OUTPUT DATA. ( E . G . , N T A P E = l l )  
= 0 RESULTS ARE NOT P R I N T E D  ON PAPER. 
= 1 RESULTS ARE PRINTER ON PAPER. 
= LOGICAL F I L E  NUMBER FOR WORKFILE. ( E . G .  N W R K F L = l )  
= CANTILEVERED PAYLOAD MODES I N  P A R T I T I O N - L O G I C .  

S T I F F N E S S  M A T R I X .  

L O G I C .  ( 1 , N T )  W I T H  NT .GE. NP. 

IS NOT EXPANDED TO INTERFACE DOFS. 

A V A I L A B L E  

I F  NEWXP=O : INTERFACE DOFS ARE NOT INCLUDED. ( N D - I F ,  N T )  
I F  N E X P = l  : INTERFACE DOFS ARE INCLUDED,  I . E .  ZERO ROWS 
WHERE INTERFACE DOFS OCCUR. ( N D , N T )  

L O G I C .  ( N D , N D I  

WHERE, I P * P H I N P R  IS THE TRUNCATED EXPANDED CANTILEY i lRED 
MODES . 

= D ISCRETE FREE PAYLOAD S T I F F N E S S  M A T R I X  I N  P A R T I T I O N -  

= I P * E P * I P T * M P * I P * P H I N P R  ( N D , N D )  A LOAD TRANSFORMATION 

= I P * E P * I P T * M P * T P  ( N D , I F )  A LOAD TRANSFORMAT!!%. 
= D ISCRETE FREE PAYLOAD MAS5 M A T R I X  I N  " A R T I T I O N - L O G I C  

= THE CONSTRAINT YODAL M A T R I X .  ( N D , I ' : )  
( N D , N D )  

NERROR EXPLANTAIONS --------. - - - - - - - - - -  
1 = S I Z E  OF THE I N P U T  NON-INTERFACE EXPANDED MODES IS 

INCORRECT. (NEXP=O BUT N R P H I  .NE.  ( N D - I F )  1 
2 = INPUT S I Z E  OF I F A C E  IS INCORRECT. ( N C 1  .NE.  I F 1  
3 = S I Z E  OF THE I R P U T  INTERFACE EXPANDED MODES IS 

INCORRECT. ( N E X P = l  BUT N R P H I  .IJE. N D I  

102 
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C 

C 

D IMENSION I F A C E  12001, NVEC ( 5 0 0 )  

COMMON / N I T N O T /  N I T ,  NOT 
DAT4  K l  /200/ 

1090 FORMAT ( 1 0 1 5 )  
2000 F O R M A T ( 9 ( / ) , 4 9 X , * I N P U T  VARIABLES TO Z P A Y L * , / ,  

* , 4 g x , * - - - - - - - - - - - - - - - - - - - - - - - -  * , / / / ,  
* , 5 3 X , * N W F I L E  = * , 1 5 , / , 5 3 X , * N W R K F L  =*,15,/ ,  
* ,53X,*NWRITE =* , I5 , / / / ’ ,  
* , 5 0 X , * D E S C R I P T I O N  OF PAYLOAD*,/  
* ,5ox,*---------------------- * ,  / / /  
* ,45X,*NUMBER OF PAYLOAD DOFS = * , I S , l O X , * N D  =* ,15, /  
* 35X,*NUMBER OF PAYLOAD INTERFACE DOFS = * , I S , l O X , * I F  =*15/25X 
* ,*NUMBER OF TRUNCATED PAYLOAD MODES R E T A I N E D  = * , 1 5 , 1 0 X , * N P  = * , I 5  
* I / /  1 

2 0 0 1  FORMAT ( 1 9 X , * T H E  MODES ARE NOT EXPANDED TO INCLUDE INTERFACE DOFS* 
* , l O X , * ( N E X P  = O)*,/) 

* , * ( N E X P  = l )*,/) 

* * ( N T P  = l ) * , / )  

* * ( N P M K 1 2  = O)*,/) 

2002 FORMAT. ( 2 3 X , * T H E  MODES ARE EXPANDED TO INCLUDE INTERFACE D O F S * , l O X  

2003 FORMAT ( 3 6 X , * T P ,  PM1, PM2, AND PK2 ARE NOT G I V E N * , l O X , * N T P  = .O)*/) 
2004 FORMAT ( 3 0 X , * T P  - THE CONSTRAINT MODAL M A T R I X  I S  G I V E N * , l O X ,  

2005 FORMAT ( 3 6 X , * P M l ,  PM2, AND P K 2  ARE NOT A V A I L A B L E * , l O X ,  

2006 FORMAT ( 4 0 X , * P M l ,  PM2, AND P K 2  ARE A V A I L A B L E * ,  1 0 X , * ( N P M K 1 2  = 1 ) * / I  

2008 FORMAT ( 4 3 X , * T H E  INTERFACE IS D E T € R M I ( 4 A N T * , l O X , * I N D E T  = l ) * , / l  
2009 FORMAT ( 2 1 X , * T H E  LOAD TRANSFORMATIONS P L 1  AND P L 2  ARE NgT G I V E N * ,  

2010 FORMAT ( 2 5 X , * T H E  LOAD TRANSFORMATIONS P L 1  AND P L 2  ARE G I V E N * ,  

2007 FOGdAT ( 3 9 X , * T H E  INTERFACE I S  NOT D E T E R M I N A N T * , l O X , * ( N D E T  = O!*,/) 

* 1 0 X , * ( N L O A D  = O)*,/) 

* l O X , * ( N L O A D  = l )*,/) 

* 1 0 X , * ( N E P  = O)*,/) 

* 1OX * !NEP = l ) * , / )  

2 n l l  FORMAT ( 2 5 X , * T H E  CANTILEVERED F L E X I B I L I T Y  - EP I S  NOT G I V E N * ,  

2 0 1 2  CORMAT ( 2 9 X , * T H E  CANTILEVEREr  F L E X I B I L I T Y  - EP I S  G I V E N * ,  

C 
C 
C B E G I N N I N G  OF PROGRAM c - - - - - - - - - - - - - - - * - - - -  

C 
READ ( ’4IT,1000) I F ,  NP, ND 
READ ( N I T , 1 0 0 0 )  N W F I L E ,  NWRKFL, NWRITE 
READ ( N I T , 1 0 0 0 )  NEXP, NTP,  NPMK12,  NDET, NLOAD, NEP 

C 
CALL PAGEHD 
WRITE ( N O T ,  2000 
I F  (NEXP .NE.  1 
IF (NEXP .EQ. 1 
I F  !NTP . N E .  1 )  
I F  ( N T P  .EQ. 1 )  
I F  (NPMK12 . N E .  
IF (NPMV.12 .EQ. 
I F  (NDET . E Q .  0 

NWFILE,NWRKFL,NWRITE,ND,ND,IF,IF,NP,NP 
WRITE ( N O T , 2 0 0 1 )  
WRITE ( N O T , 2 0 0 2 )  
WRITE ( N O T , 2 0 0 3 )  
WRITE ( N O T , 2 0 0 4 )  

1 .AND. NTP . E Q .  1 )  WRITE ( N O T , 2 0 0 5 1  
I )  WRITE ( N O T , 2 0 0 6 )  

WRITE ( N O T , 2 0 0 7 )  
I F  (NDET . N E .  0 )  WRITE ( N O T , 2 0 0 8 )  
I F  (NLOAD .EQ. 1 )  GO TO 6 
WRITE ( N O T , 2 0 0 9 1  
I F  (NEP . N E .  1 )  WRITE (NOT,2L )111  
I F  (NEP .EQ.  1 )  WRITE ( N O T , 2 0 1 2 i  
GO TO 8 103 



6 WRITE ( N O T , 2 0 1 0 )  
8 CONTINUE ORiGlNPIL PAGE IS 

OF POOR QUALln C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
c 

C 

A .  COMPUTE P H I N P T  = EXPANDED TRUNCATED MODES 
- - - - - - - - - - - - - - - - ” - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C A L L  TIMC‘.” t6Hk f4PT) 
C A L L  ZWRKFL (NWRKFL) 

C A L L  ZREAD ( P H I N P )  

C A L L  Z S I Z E  ( P H I N P , N R P H I , N C P H I )  
NN=ND- I F  
I F  (NEXP .EQ. 1 )  GO TO 1 0 0  

I F  ( N R P H I  .NE. N N )  GO TO 999 

C A L L  TIMCk!K ( 6 H R E A u  1 

C A L L  TIMCHK ( E V E A D  

NERROR= 1 

A l .  TRUNCATE THE CANTILEVERED MODES THEN EXPAND 
TO INCLUDE THE INTERFACE DOFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  TIMCHK (GHREAD 

C A L L  TIMCHK IGHREAD 1 
C A L L  READIM ( I F I  ‘ E , N R l , N C l , l , K l )  

I F  ( N C l  .NE.  I F )  GO TO 999 
J= 1 
DO 20 I = l , N D  
I F  ( J  .GT.  I F )  GO TO 1 0  
I F  ( I F A C E ( J 1  .NE.  I) GO TO 10 
N V E C ( I 1  = 0 
J=J+l  
GO TO 20 

10 N V E C ( 1 )  = I - J + 1  
20 CONTINUE 

NERROR=2 

C A L L  ZZERO ( Z Z , N D , N P )  
CALL  Z D I S A  ( P H l N P , l , l , N N , N P , T T )  
CALL  ZSLADR ( ’ . , T T , N V E C , N D , Z Z )  
GO TO 1 1 0  

100 CONTINUE 
C 
C 
C 

A2. TRUNCATE THE EXPANDED MODES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NERRCR=3 

I F  ( N R P H I  .NE.  N D )  GO TO 999 
CALL  Z D I S A  ( P H I N P , l , l , N D , N P , Z Z )  

C 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c * * * * 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C 
C 8 .  COMPUTE T P , P M 2 , P K 2 , A N D  PM1 ( I F  NECCESARYl  c - - - - - - - - - - - - - - _ - _ . . - - - - - - - - - - - - - - - - - - - - - - - - - - -  

C 
C 81.  TP I S  N13T GIVEN 104 

1 1 0  CONTINUE 

CALL ZSAVEW ( P H I N P , G H P H I N P  , N W F I L E I  

C A L L  TIMCHK ( G H F H I N P T )  

C A L L  TlMCHK ( 6 H T P h l K 1 2  1 
I F  ( N T P  .EQ.l, C TO 2 8 0  



C A L L  TIMCHK (GHREAD 1 
I F  (NEXP . E Q .  0) GO TO 210 
C A L L  READIM ( I F A C E , N R l , N C l , l , K l )  

C A L L  ZREAD ( P M )  
CALL  ZREAD ( P K )  

2 1 0  CONTINUE 

CALL  TIMCHK (6HREAD 1 
C A L L  TIMCHK IGHZREDX 1 

C 
C 
C 

C 

CALCULATE TP,  PM2, AND P K 2  I N  ZREDX - - - - - - - - - _ - - - - - _ - - - - -  - - - - - - - - - - - - -  
C A L L  ZREDX (PM,PK,IFACE,IF,TP,PM2,PK2) 

I F  (NDET . E O .  0) GO TO 240 
C A L L  ZZERO ( P K 2 , I F , I F )  

CALL  ZATXB ( T P , P M , Z )  
C A L L  ZMULT ( Z , Z Z , P M l )  

GO TO 500 

CALL  TIMCHK (6HZREDX 1 

240 CONTINUE 

C 

C 

C 
C 
C 

280 CONTINUE 

82. TP IS G I V E N  - - - - - - - - - - - - - - - -  
CALL  ZREAD ( T P )  

I F  (NPMK12 .EO. 1 )  GO TO 380 

CALL  TIMCHK ( 6 h R E A D  1 

CALL  TIMCHK (6HREAD ) 

C A L L  TIMCKK ( 6 v r  1 
CALL ZREAD ( P M )  
CALL  ZREAD ( P K )  

C A L L  TIMCHK (6HtiLAD ) 
C 
C 
C 

CALCULATE PM1, PM2 AND PK2  . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL  ZATXB ( T P , P M , Z )  
CALL  ZMULT ( Z , T P , P M 2 )  
I F  (NDET .EO. 1 )  GO TO 330 
CALL  ZATXR i T P , P K , Z )  
CALL  ZMULT ( Z , T P , P K 2 )  
GO TO 3 4 0  

CALL  ZZERO ( P K 2 , I i , I F )  

CALL  ZATXB ( T P , P M , Z t  
CALL  ZMULT ( Z ,  Z Z ,  PM I 1 

GO TO 500 

3 3 0  CONTINUE 

340 CONTINUE 

C 

C 
C 

380 CONTIFUF 
CALL  TIMCHK (GHREAD 1 

C 
C 
C 

READ P M l  , PM2, AND " K 2  - - - - - - - - - - - - - - - - - -  . - - -  
CALL  Z2EAD ( P M l t  
C A L L  Z2EAD (PM3.I  
I F  (NDET .EO. 1 )  GO T J  400 
C A L L  ZREAD ( P K 2 1  105 



GO TO 500 
400 CONT INIJE 

ORIGINAL PAGE 1s 
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C A L L  ZZERO ( P K 2 , I F , I F )  
C A L L  TlMCHK (GHREAD 1 

C A L L  TIMCHK (GHTPMK12)  
500 CONTINUE i 

C 
C 
C C .  COMPUTE THE LOADS TRANSFORMATIONS P L 1  AND P L 2  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  TIMCHK (6HLOADTR)  

C A L L  TIMCHK (6HEPEX 1 

C A L L  TIMCHK (GHREAD ) 

C A L L  TIMCKK (GHREAD 1 

C A L L  TIMCHK (GHREAD 1 

C A L L  TIMCHK (GHREAD 1 

I F  (NLOAD . E P .  1 )  GO TO 600 

I F  ( N T P  . E 3 .  0 .OR. NPMK12 . E Q .  0) GO TO 510 

C A L L  ZREAD ( P M )  

I F  ( N E P  .EO. 1 )  GO TO 5 1 0  

C A L L  ZREAD ( P K )  

GO TO 520 

I F  (NEP .EQ. 0) GO TO 520 

C A L L  ZREAD ( E P )  

GO TO 550 

510 CONTINUE 

C A L L  TIMCHK (GHREAD 1 

C A L L  TIMCHK (FYREAD ) 

520 CONTINUE 
C 
C 
C 

C 1 .  CALCULATE E ?  = I N V ( I P T * K P * I P )  - THE CANTILERED F L E X I B I L I l Y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I F  (NEXP .EO. 0 . O R .  NTP .EQ.  0) GO TO 525 
C A L L  READIM ( I F P : E , N R l , N C l , l , K l )  

NERROR = 2  
I F  l N f 1  .NE. I F )  GO TO 999 

525 CONTINUE 
C 
C 
C 

FORM THE CANTILEVERED S T I F F N E S S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3=  1 
K =  1 
DO 540 I = l , N D  
I F  ( I F A C E ( J 1  .EO. I) GO TO 530 
NVEC(  K 1 = I  
K = K r  1 
GO TO 540 

530 CONTINUE 
J=J+1 

540 CONTINUE 
C 

C A L L  ZZERO 
C A L L  ZSLADR 
C A L L  ZTRANS 
C A L L  ZZERO 
C A L L  ZSLADR 

C 
C INVERT 

PKC , :JN, ND 1 
I l . , P K , Y V E C , N N , P K C I  
( PKC, PKCT I 
PKNN,NN,NN) 
( l . , P K C T , N V E C , N N , P K N N I  
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C 
C 
C 

C2 .  EXPAND EP TO INCLUDE THE INTERFACE .-------------------------------------- 
I F  (NEXP .EO. 0 .OR. NTP .EQ. 0 

+ .OR. NEP .EQ. 0 )  GO TO 560 
CALL READIM ( I F A C E , N R l , N C l , l , K l )  

I F  ( N C 1  .NE,  I F )  ' GO TO 999 
560 CONTINUE 

3= 1 
DO 580 I : l ,ND 
I F  ( 3  .GT. I F )  GO TO 570 
Ii ( I F A C E ( 3 )  .NE. I )  GO TO 570 
NVEC( I )=O 
J=3+ 1 
GO TO 580 

570 N V E C ( I ) = I - J + l  
580 CONTINUE 

NE RROR =2 

C 

C 
CALL  ZZERO fEPC,ND,NN) 
CALL ZSLCDR ( l . , E P , N V E C , N D , E P C )  
CALL  ZTRANS ( E P C , E P C T )  
CALL ZZERO (EPEX,ND,WDi 
CALL ZSLADR ( l . , E P C T , N V E C , N D , E P E X )  

CALL  ZMULT IEPEX,PM,EPEXPM) 
C A L L  

C 
C 
C 

C 3 .  CALCULATE P L 1  AND P L 2  . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL ZMULT ( E P E X P M , Z Z , P L l )  
CALL ZMULT ( E P E X P M , T P , P L 2 )  
GO TO 650 

C 

c 
C 
C 

C 

600 CONT I N"E 

C 4 .  READ P L 1  AND P L 2  . . . . . . . . . . . . . . . . . . . . .  
CALL ZREAD ( P L 1 )  
CALL LREAD f P L 2 )  

650 CONTINUE 
CALL  

T I K d K  (6HEPEX 1 

TIMCHk f 6 H L O A D T R )  

E. READ I N  AND TRUNCATE THE FREQUENCIES 

? A L L  TIMCHK (GHREAD 

CALL  TIMCHK (6HREAD 

CALL TJMCHK (GHWRITE 

CALL ZREAD ( T R E O P )  

CALL Z D I S A  ( F R E Q P , l , l , l , N P , F R E Q P T i  

I f  (NWRITE .EO. 0) GO TO 700 

E .  WRITE DATA ON PAPER 

CALL ZWRITE fFREQPT.6HFREOPT) 
CALL ZWRITE ( T P , 6 H T P  1 
CALL ZWRITE fPM1,GHPMl  1 
CALL ZWRITE (PM2,6HPM2 
CALL ZWRITE ( P K 2 , 6 H P K 2  I 
CALL ZWRITE ( P L 1 , t j H D L l  1 107 
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C 

C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAX I N T F A C E  ( INPUT,OUTPUT,TAPES=INPUT,TAPEG=OUTPUT, 
+ TAPElO,TAPE3O,TAPE31,TAPE32,TAPE40) 

1 CALL START 
C A L L  TIMCHK ( G H T B E G I N )  
C A L L  TIMCHK ( G H Z I N T F  1 

CALL Z I N T F  
C A L L  TIMCHK ( 6 t i Z I N T F  1 
C A L L  TIMCHK ( G H T P R I N T )  

GO TO 1 
END 

************* 
* * 
* Z I N T F  * * * 
************* 

SUBROUTINE Z I N T F  

ORlGlNAL PAGE Is 
OF POOR QlrALlW 

SUBROUTINE Z I N T F  PRODUCES ALL BOOSTER/PAYLOAD INTERFACE RELATED 
INPUT DATA NECESSARY TD RUN PROGRAM RESPONS. 

DEVELOPED BY RC ENGELS AND TG SHANAHAN. JULY 1981. 

COMMENTS - - - - - - - -  
1 .  SUBROUTINE Z I N T F  IS PART OF A COMPLETE BOOSTER/PAYLOAD 

I N T E G R A T I O N  SOFTWARE PACKAGE U S I N G  A D I R E C T  NUMERICAL 
I N T E G R A T I O N  TECHNIQUE. A D I S C U S S I O N  OF THIS TECHNIQUE 
CAN BE FOUND I N  "STRUCTURAL DYNAMICS PAYLOAD LOADS E S T I M A T E S -  
F I N A L  REPORT, MAY 1981". 

2 .  THE FOLLOWING DATA IS PUT ON NWFILE : 
82 = THE INTERFACE/BOOSTER MASS COUPLING M A l ' R I X .  

S I Z E  ( I F B , N B ) .  

THE BOOSTER AND THE PAYLOADS. S I Z E  ( I F B , I F B I .  

THE BOOSTER AND THE PAYLOADS. S I Z E  ( I F B , I F B ) .  

PAYLOADS I N  P A R T I T I O N - L O G I C .  
FREQPA = ( F l ( P A Y 1 1 ,  F 2 ( P A Y 1 ) ,  . . . . . . . . ,  F N ( P A Y l ) ,  

F l ( P A Y 2 ) ,  F 2 1 P A Y 2 ) ,  . . . . . . . . ,  F N ( P A Y 2 ) ,  

BPK2 = THE INTERFACE COUPLING S T I F F N E S S  MATRIX  BETWEEN 

BPM2 = THE INTERFACE COUPLING MASS M A T R I X  BETWEEN 

FREQPA = THE ASSEMBLED FREQUENCY M A T R I X  FOR ALL THE 

. .  . . . . . .  
F 1 ( P A Y M I ,  F 2 (  P A Y M ) ,  . . . , . . . . , F N (  P A Y M ;  I 

F R E Q I  = THE INTERFACE FREQUENCY VECTOR. S I Z E  ( 1 , I F B I  
P 2  = THE I N T E R F A C E / P A Y l O A D  MASS COUPLING P 4 T R I K .  

PHIIS = THE INTERFACE MODES MATRIX FORMED BY SOLVING THE 
S I Z E  ( I F B , N P  1 

EIGENVALUE PROBLEM FOR 8PM2 4ND B P K 2 .  
S I Z E  I l F B , I F B ) .  

3 .  SUBROUTINE Z I N T F  C A L L  THE FOLLOWING FORMA SUBROUTINES: 
108 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

P 
u 

- PAGEHD, READIM, TIMCHK, ZASSEM, ZATXB, ZM2A, ZREAD, ZRVAD 
ZSAVEL,  ZSAVEW, Z S I Z E ,  ZWRITE, ZWRKFL, ZZBOMB, ZZERO 

SUBROUTINE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
ORIGINAL PAGE Is 
OF POOR QUALim SUBROUTINE Z I N T F  HAS NO SUBROUTINE PRGUMENTS. 

EXAMPLE OF C A L L I N G  PROGRAM ON CDC 172/720/730. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I L E  ASSUMPTIONS : 

-TAPE1 = WORK F I L E  REQUIRED BY Z I N T F .  NWRKFL=l  
-TAPE 10 = FORMA F I L E  (FOR I N P U T  D A T A ) .  NOTE THAT MORE 

-TAPE 11 = FORMA F I L E  (FOR O U T P U T ) .  N W F I L E = l l  

THAN ONE FORMA F I L E  MAY BE NECESSARY I F  I N P U T  
DATA I S  RECORDED ON SEVERAL FORMA F I L E S .  

PROGRAM INTFACE ( I N P U T , O U T P U T , T A P E 5 = I N P U f , T A P E 6 = O U T P U T ,  
+ T A P E l , T A P E l O , T A P E l l )  

1 C A L L  START 
C A L L  TiMCHK ( G H T B E G I N I  
C A L L  TIMCHK ( G H Z I N T F  I 

C A L L  TIMCHK ( G H Z I N T F  ) 
C A L L  TIMCHK ( G H T P R I N T )  

C A L L  Z I N T F  

GO TO 1 
END 

INPUT FORM 

C A L L I N G  PROGRAM MUST - C A L L  START - 
- - - - - - - - - -  

READ NPAY 
READ NWFILE,NWRKFL,NWRITE 
READ I F B ,  NPTOT 
C A L L  ZREAD ( B M l I  
CALL  ZREAD ( B M 2 )  
C A L L  ZREAD ( B K 2 )  
DO 1 K = l , N P A Y  
READ JFP,NP 
CALL  READIM r I F A C E P , l , N R l , l , K l )  
CALL ZREAD ( P M l I  
CALL  ZREAD (PM21  
CALL ZREAD ( P K 2 I  
CALL  ZREAD ( F R E Q P T I  

1 CONTINIJE 
RETURN 

(2151 

D E F I N I T I O N  OF INPUT V A R I A B L E S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BK2  = TBT*BK*T6 .  BOOSTER S T I F F N E S S  M A T R I X  REDUCED T3 THE 

BM1 : R M l = T B T * B M * I B * P H I N B .  BOOSTER COUFLING MASS M A T R I X  

INTERFACE I N  P P R T I T I O N - 1 9 G I C .  SIZE [ I F B . I F G i .  
WHEN THE iNTERFACE :S DETERMIl:ATE, B K 2 = 0 .  
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C BETWEEN INTERFACE AND NON-INTERFACE DOFS I N  PARTIT ION-  
C LOGIC.  S I Z E  ( I F B , N B ) .  
C BM2 = TBT*BM*TB. BOOSTER MASS MATRIX REDUCED TO THE 
C INTERFACE I N  PARTITION-LOGIC.  S I Z E  ( I F B , I F B ) .  
C FREQPT = THE TRUNCATED, CANTILEVERED FREQUENCY VECTOR FOR 
C THE KTH PAYLOAD I N  PARTITION-LOGIC.  S I Z E  ( l , N P ( K ) ) .  
C I F B  = NUMBER OF INTERFACE DOFS ON THE BOOSTER S I D E .  
C ( INCLUDING THE SUPERFLUOUS INTERFACE DOFS) 
C I F P  = NUMBER OF INTERFACE DOFS I N  PkYLOAD K .  
C IFACEP = VECTOR OF INTEGERS T!iAT TELL THE LOCATION OF 
C PAYLOAD K INTERFACE DOFS I N  THE BOOSTER INTERFACE. 
C I F A C E P ( 1 )  = LOCATION OF PAYLOAD K INTERFACE DOF I 
C I N  INPUT MATRIX BM1. S I Z E ( I F P ( K 1 ) .  
C tP = N U M Y R  OF TRIJNCATED PAYLOAD MODES. NUMBER OF COLUMNS 
C I N  FREQPT, AND NUMBER OF ROWS I F  PM1 FOR PAYLCAD K.  
C NPTOT = THE TOTAL NUMBER OF PAYLOAD DEGREES OF FREEDOM. 
C THE SUM OF ALL  NP 'S  FOR PAYLOADS 1 THRU NPAY. 
C NPAY = NUMBER OF PAYLOADS. 
C N Y F I L E  = LOGICAL F I L E  NUMBER FOR OUTPUT DATA. (E .G.  NTAPE=11)  
C NWRITE = 0 RESULTS ARE NOT PRINTED ON PAPER. 
C 1 RESULTS ARE PRINTED ON PAPER. 
C NWRKFL = LOGICAL F I L E  NUMBER FOR WORKFILE. (E .G .  NWRKFL=l )  
C THE INTERFACE AND NON-INTERFACE DOFS I N  PARTIT ION-  
C LOGIC. S I Z E  ( I F P ( K ) , I F P ( K ) )  FOR THE KTH PAYLOAD. 
C PM1 = TPT*PM*IP*PHINP. PAYLOAD COUPLING MASS MATRIX RE'IWEEN 
C THE PAYLOAD AND INTERFACE. S I Z E  ( I F P ( K ) , N P ( K ) ) .  
C PM2 = TPT*PM*TP. PAYLOAD MASS MATRIX REDUCED TO THE 
C INTERFACE I N  PARTITION-LOGIC.  S I Z E  ( I F P ( K ) , I F P ( K ) ) .  
C PK2 = TPT*PK*TP. PAYLOAD STIFFNESS MATRIX REDUCED TO THE 
C INTERFACE I N  PARTITION-LOGIC.  WHEN THE INTERFACE 
C I S  DETERMINATE, PK2=0.  S I Z E  ( I F P ( K ) , I F r ( K ) ) .  
C 
C NERROR EXPLANATION c - - - - - - - - - - - - - - - - - -  
C 1 = NUMBER OF ALLOWABLE PAYLOADS HAS BEEN EXCEEDED. 
C T H I S  CAN BE CORRECTED BY INCREASING KP AND CHANGING 
C THE DIMENSION STATEMENT ACCORDINGLY. 
C 3 = S I Z E  OF IFACE FOR PAYLOAD r( I S  NOT EQUAL TO I F P ( K 1 .  
C 4 = ROW S I Z E  OF PM2 FOR PAYLOAD K I S  NOT EQUAL TO I F P ( K ) .  
C 5 = S I Z E S  OF PM1, PM2 AND P n 2  ARE NOT CONSISTENT. 
C 6 = S I Z E S  OF PM1 AND FREQPT ARE NOT CONSISTENT. 
C 7 = COLUMN S I Z E  OF PM1 FOR PAYLOAD K I S  NOT EQUAL TO N P ( K 1 .  
C d = INPUT S I Z E  OF IFACE OF SUPERFLUOUS INTERFACE DOFS 
C I S  NOT EQUAL TO I F S .  
C 9 = ASSEMBLED S I Z E  OF PM2 AND PK2 I S  NOT CORRECT. 

C A .  DIMENSION,COMMON,DATA,FORMAT c - - e .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COMMON /NITNOT/ N IT ,NOT 
COMMnN /LSTRT4/  NLINE,NLPP 

I C  

DIMENSION I V E C ( 2 0 0 ) , I F A C E P ( 2 0 0 )  Cia;Gli,M FASE 15; 
C OF POOR QUALITY 

C 
DATA K 1 .  KR 

1000 FORMAT 
1100 FORMAT 
2001 FORMAT 

+ 

/ 5 0 0 . 2 0 0 /  

( 1 0 1 5 )  
( 1 0 E l O . O )  
f / / / / / , S O X , * I N P U T  DATA TO Z I N T F * , / ,  

/ / / / /  .55X,  *NWFI L E  
55X,*NWRITE =*.I5,//, 
29X,*NUMBER OF BQOSTER INTERFACE DOFS =*,I5 

5 0 ~ , * - - - - - - - - - - - - - - - - - - - *  
=*, 15,  / , 5 5 X ,  *NWRKFL = *  - 1 5 ,  / /  , 

, l O X , * ( I F B  = * , 1 5 , * ) * , / / ,  
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+ 23X,*NUMBER OF TGTAL PAYLOAD MOOES RETAINED =* 
+ , I S , l O X , * ( N P T O T  = * , I S , * ) * )  

+ , 4 o x , * - " " " " " - " ' - - - - - - - - - - - - *  * / /  
+ ,28X,*NUMBER OF PAYLOAD INTERFACE 3OFS =* , Is , / / ,  
+ 22X,*NUMBER OF PAYLOAD TRUNCATED MODES USED =*,15,// ,  
+ 2 2 X , * I V E C  OF PAYLOAD INTERFACE DOF LOCATIONS I N  THE*, 
+ * BOOSTER INTERFACE*, / ,  + 22x,*-----------------------------..----------------* 

1 /! 
2003 FORMAT ( / / , 2 2 X , * I V E C  OF SUPERFLUOUS INTERFACE DOF LOCATIONS* 

+ ,* I N  THE BOOSTER*,/, + 22x1*-------------------------------------------* 
* I  / / / /  

2004 FORMAT ( I / /  , 35X, * INPUT DATA FOR THE * , 15, * PAYLOADS*, / , 

2002 FORMAT ( / / , 4 0 X , * I N P U T  DATA FOR PAYLOAD*,IS,/ 

+ * - - - - - - - - - - - - - - - - - - *  

+ *---- . . - - - - - - - - - -  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 
C 
C 

C 
c 
b 

c 

********a************ 

BEGINNING OF PROGRAM 

*****a*************** 

8.  RE4D SUBROUTINE INPUT PARAMETERS _- - - -___-____--__-_-________________ 
READ ( N I T , l 0 0 0 ~  NPAY 
READ ( N I T , 1 0 0 0 )  NWFILE,  NYRKFL. NWRITE 
READ ( N I T , 1 0 0 0 1  I F B ,  NPTOT 
CALL PAGEHD 
WRITE (NOT,2001)  NWFILE,NWRKFL,NYRITE,IFB.IFB,NPTOT,NPTOT 

CALL ZWRKFL (NWRKFLI 

CALL Z S I Z E  ( B M l , I F , N B )  
CALL Z S I Z E  ( B P M 2 , I F 2 , I F 3 )  
CAt.L :SIZE ( B P K 2 , I F 4 , I F S )  

I f  [ I F B  .NE. I F )  
I F  ( I F B  .NE.  I F 2  . O R .  I F 2  .NE. I F 3 1  
I F  ( I F B  .NE. I F 4  . O R .  I F 4  .NE. I F 5 1  

0 .  READ I N  AND CHECK THE S I Z E S  OF PAYLOAD QUANTITIES 
ASSEMBLE FREQPA AND P :  AND COUPLE THE BOOSTER 
BOOSTER AND PAYLOAD INTERFACE QUANTITIES 

-__"I_-_-_-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

dPS=O 
C A L I  :ZERO (FREQPA, l ,NPTOTI  
CALL ZZERO ( P , I F B , N P T O T )  

NERROR= 1 
GO TO 999 
GO TO 999 
GO TO 999 

DO 40 K= l ,NPAY 
CALL PAGEHD 
WRITE (NOT.2C341 NPAY 
N L I N E = N L I N E + l S  
READ \ N I T , 1 0 0 0 )  I F P ,  NP 
W R I T E  ( N O T , 2 0 0 2 1  K , I F P , N P  
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CALL READIM ( I F A C E P , l , I V S I Z E , l , K l )  

I F  ( I F P  .NE. I V S I Z E )  
CALL ZREAD (PM1)  
CALL ZREAD ( P M 2 )  
CALL ZREAD ( P Y 2 )  
CALL ZREAD (FREQPT) 
CALL Z S I Z E  ( P M 2 , I F l , I F 2 )  
CALL Z S I Z E  ( P K 2 , I F 3 , I F 4 )  
CALL Z S I Z E  i P M l , I F S , N P l )  
CALL Z S I Z E  (FREQPT,NOl ,NP2) 

I F  ( I F 1  .NE. I F P )  

IF ( I F 1  .NE. I F 2  .OR. I F 1  .NE. 
+ I F 1  .NE. I F 4  .OR. I F 1  .NE. 

I F  ( N P l  . N E .  N P 2 )  

I F  (NP1  .NE. NP)  

NERROR =2  
GO TO 999 

I F 3  .OR. 
I F 5 1  

NERROR= 3 
SO TO 999 
NERRORr4 

C 
DO 20 I = l , N P  
I V E C ( I ) = N P S + I  

20 CONTINUE 
C 

C 

CALL ZRVAD (l.O,PM2,IFACEP,IFACEP,IVSIZE,IVSIZE,BPM2~ 
CALL ZRVAD (l.O,PK2,1FACEP,IFACEP,IVSIZE,IVSIZE,BPK2) 
CALL ZRVAD (l.O,PMl,IFACEP,IVEC,IVSIZE,NP,P) 
CALL ZASSEM (FREQPT, l ,NPS+l ,FREQPA)  

NPS=NPS+NP 
C 

40 CONTINUE 
C 

GO TG 999 
NERROR=S 
GO TO 999 
NERROR=6 
GO TO 999 

C 
C 
C 
C 

C 
C 
C 

I F  (NPS .NE. NPTOT) 
NERROR = 7 
GO TO 999 

F .  SOLVE THE EIGENVALUE PROBLEM FOR THE INTERFACE 
MASS, BPM2, AND THE INTERFACE STIFFNESS, BPK2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL TIMCHK (GHZM2A I 
CALL ZM2A ( B P M 2 , B P K 2 , P H I I B , F R E Q I , N V R : T E , G H P H I I 8  ,6HFREQI 

+ , M A T U I , M A T D I , M A T 3 I , M A T 4 I , M A T 5 1 , M A T G I ,  
+ I F B , I F B , 1 . 0 , 2 0 1  

CALL TIMCHK 16HZM2A 1 

G .  CALCULATE 82 AND P2 . . . . . . . . . . . . . . . . . . . . . . .  
CALL ZATXB ( P H I I B , B M l , B 2 )  
CALL Z4TXB ( P H I I B . P , P 2 1  

C 
I F  (NWRITE .EO. 0) GO TO 180 

C 
C 
C 

C 
C 

H .  WRITE MATRICES ON PAPER . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL ZWRITE (BPM2.6HBPM2 I 
CALL ZWRITE (BPK2,6HBPK2 1 
CALL ZWRITE ( B 2 , 6 H B 2  1 
CALL ZWRITE ( P 2 , 6 H P 2  I 
CALL ZWRITE (FRFQPA,GHFREOPA) 

112 I .  WRITE MATRICES CN NWFILE 



180 CALL ZSAVEW 
CALL ZSAVEW 
CALL ZSAVEW 
CALL ZSAVEW 
CALL ZSAVEW 
CALL ZSAVEW 
CALL ZSAVEW 

C 
C 3 .  WRITE L I S T  c - - - - - - - - - - - - - -  
C 

CALL ZSAVEL 

RETURN 
999 CALL ZZBOMB 

FNn 

FREQI ,6HFREQI ,NWFILE)  
82 , 6HB2 ,NWFILE)  
P 2 , 6 H P 2  ,NWFILE)  
BPM2,6HBPM2 ,NWFILE)  
BPK2,6HBPK2 ,NWFILE)  
PHI IB16HPH: IB  ,NWFILE)  
FREQPA,GHFREQPA,NWFILE) 

GHZINTF ,NERROR) 

ORIQNAC PAGE IS 
OF Pi232 QLIALITV 
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PROGRAM FORCE ( I N P U T , O U T P U T , T A P E S = I N P U T , T A P E ~ = O U I P U T ,  
+ TAPE20 ,  T A P E 3 0 ,  TAPE31 ,  T A P E 3 2  , T A P E 4 0  1 

C 
C 

1 C A L L  START 
C A L L  TIMCHK ( G H T B E G I N ) '  
C A L L  TIMCHK (6HZFORCE)  

C A L L  TIMCHK (6HZFORCE)  
C A L L  TIMCHK ( G H T P R I N T )  

C A L L  ZFORCE 
OR\G~EAI- PAGE Is 
OF POOR QUALrrr 

C 
GO TO 1 
END 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

P 
b 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* ZFORCE * 
* * 
**********************************e** 

SUBROUTINE ZFORCE 

SUBROUTINE ZFORCE TAKES I N P U T  T I M E  AND FOR DPTA AND PROCESSES 
I T  TO GET THE F I N A L  FORCE VECTORS FOR USE !h A NUMERICAL 
INTEGRATION RESPONSE ROUTINE.  

QEVELOPED BY TG SHANAHAN, FEB.  1 9 8 2 .  

COMMENTS 

1 .  SUBROUTINE ZFORCE IS PART OF A COMPLETE BOOSTER/PAYLC!AD 
- - - - - - - -  

I N T E G R A T I O N  SOFTWARE PACKAGE U S I N G  A D IRECT NUMERICAL 
INTEGRATION TECHNiQUE. A D I S C U S I O N  OF T H I S  TECHNIQUE CAN 
BE FOUND I N  "STRUCTURAL DYNAMICS PAYLOAD LOADS E S T I M A T E S  - 
F I N A L  REPORT, MAY 1 9 8 2 " .  

2 .  DATA IS OUTPUT ON NFORFL SEQUENTIALLY.  
3 .  NFORFL CONTAINS:  

A .  A HEADER WITH RUN NO. ,  DATE, START T I M E ,  T I M E  STEP SIZE, 

B .  THE T I M E  AND THE CORRESPONDING F3RCE DATA FOR THAT T I M E :  

END T I M E ,  NUMBER OF FORCE POINTS,AND THE NUMBER OF T I M E  
P O I N T S .  

T l , F B l ( T l ) , F B 2 ( T l ) ,  . . . ,  F B N ( T l ) , F I l ( T l ) ,  . . , F I F ( T l l ,  
T 2 , F B l ( T 2 ) ,  . e .  . . . ,  F I F I T 2 1 ,  

i E .  F B 1  i TE 1 , F 6 2 i T E  1 , .  . . , F B N i  TE 1 ,  F I  1 i TE 1 , .  . . , F I F  i TE 1 

. . .  . . .  

. .  . . . .  

WHERE, F B l  THRU FBN ARE THE FORCE COMPONENTS A C T I N G  

AND, F I 1  THRG F I F  ARE THE FORCE COMPONENTS A C T I N G  

4 .  T H I S  SUBROUTINE USES VARIOUS CCIk3INATIONS OF SUBROUTINES TO 
GENERATE NFORFL DEPENDING ON THE S I Z E  OF THE INPUT SYSTEM. 
BECAUSE OF THE NATURE OF P A R T I T I O N - L O G I C  SUBROUTINES A 
PURE P A R T I T I O N  LOGIC INTERPOLATION SUBROUTINE SUCH AS ZTERP 
IS VERY SLOW COMPARED TO A DENSE-LOGIC VERSION. THEREFORE, 
SEVERAL S P E C I A L I Z E D  SUBROUTINES WERE CODED FOR USE W I T H I N  
T H I S  SUBROUTINE. THESE ROUTINES ARE ZTERP1 AND ZTOSEQ2.  
HOWEVER, WHILE THESE SUBROUTINES ARE FASTER THAN T H E I R  
STRAIGHT P A R l I T I O N - L O G I C  COUNTERPARTS, ZTERP AND ZTOSEQ3, 
THEY ARE S I Z E  L I M I T E D  AND THEREFORE CAN NOT BE USED A L L  THE 

ON THE BOOSTER. F B = ( P H I N B R I T * F .  

ON THE INTERFACE.  F I = ( T B R I T * F .  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C ,. 
L 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

T I M E .  T H I S  L I M I T I N G  S I Z E  IS SET BY THE PARAMETER KCNB 
WHICH IS THE D I M E N S I O N  S I Z E  OF A M A T R I X  I N  THE COMMON BLOCK 
/LWORKl /  THAT IS USED I N  THESE SUBROUTINES. THE 
O R I G I N A L  VALUE OF KCNB IS 600, HOWEVER, T H I S  MAY BE 
INCREASED OR DECREASED AS STORAGE REQUIREMENTS DEMAND 
BY CHANGING I T S  VALUE I N  THE CORRECT DATA STATEMENTS 
AND I N  TVE COMMON BLOCK D I M E N S I O N S .  

5. SUBROUTINE ZFORCE C A L L S  THE FOLLOWING FORMA SUBROUTINES: 
- DTOZ, PAGEHD, TIMCHK, WRITE,  ZASSEM, ZMULT, ZREAD, Z S I Z E ,  

ZTOD, ZTRANS, ZWRKFL, ZZBOMB, ZZERO 

6.  IT ALSO C A L L  THE FOLLOWING S P E C I A L  PURPOSE SUBROUTINES THAT 
WERE DEVELOPED E S P E C I A L L Y  FOR T H I S  SOFTWARE PACKAGE: 
- ZTERP, ZTERP1,  ZTOSEQ2, ZTOSEQ3 

I N P U T  FORM - - - - - - - - - -  
READ NWRKFL, NWRITE,  NFORFL 
READ STARTT,  ENDT, DELTAT 
READ N F , N B , I F  
READ I F T E R P  
C A L L  ZREAD ( T I M E )  
C A L L  ZREAD (FORCE)  
C A L L  ZREAD ( P H I N B R I  
C A L L  ZREAD ( T B R )  

D E F I N I T I O N  OF I N P U T  V A R I A B L E S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DELTAT = T I M E  STEP BETWEEN OUTPUT INTERPOLATED T I M E  P O I N T S .  

FORCE = I N P U T  M A T R I X  OF FORCE VECTORS I N  P A R T I T I O N - L O G I C .  
ENDT = END T I M E  FOR I N T E R P O L A T I O N  T I M E  RANGE. 

I F  = NUMBER OF BOOSTER INTERFACE P O I N T S .  
S I Z E  ( N T P , N F ) .  

I F T E R P  = 0 I F  THE FORCE DATA HAS NOT BEEN PREVIOUSLY 
INTERPOLATED. 

= 1 I F  THE FORCE DATA HAS BEEN INTERPOLATED.  
NB = NUMBER OF TRUNCATED BOOSTER MODES R E T A I N E D .  

NUMBER OF ROWS I N  P H I N B R .  
NF = NUMBER OF FGRCE P O I N T S  ON THE BOOSTER. 

NUMBER OF COLUMNS I N  FORCE. 

INTERPOLATED DATA SEQUEWTIALLY.  

NUMBER OF ROWS I N  FORCE. 
NWRITE = 0 RESULTS ARE NOT P R I N T E D  ON PAPER. 

N RESULTS ARE P R I N T E D  EVERY N T I M E  STEPS.  
NWRKFL = L O G I C A L  U N I T  NUMBER OF A WORK F I L E  REQUIRED 

BY ZFORCE. 
PHINBR = THE TRUNCATED EXPANDED CANTILEVERED BOOSTER MODES 

M A T R I X  I N  P A R T I T I O N - L O G I C  W I T H  ROWS CORRESPONDING 
TO ZERO A P P L I E D  FORCES HAVE BEEN DELETED.  
S I Z E  ( N B , N F ) .  

CONTAINS DATA CORRESPONDING TO THE ROWS I N  THE 
FORCE M A T R I X .  S I Z E  ( N T P , l ) .  

TBR = THE BOOSTER COi lSTRAINT MODAL M A T R I X  I N  P A R T I T I O N -  
L O G I C  WHERE ROWS CORRESPONDING TO ZERO A P P L I E D  
FORCES HAVE BEEN DELETED.  S I Z E  ( N F , I F I .  

NFORFL = LOGICAL U N I T  NUMBER FOR OUTPUT. CONTAINS 

NTP = NUMBEP OF T I M E  P O I N T S  I N  FORCE T A B L E .  

T I M E  = I N P U T  VECTOR OF T I M E  DATA I N  P A R T I T I O N  L O G I C .  

ORIGINAL PAGE IS 
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-. .',\I- C O MMON /LSTRT4/ NLINE, NLPP OR~G;!~;A\ ?';,.: ..:: IS 
COMMON /NITNOT/ NIT,NOT op POOR <JkLITy COMMON /LWORKl/ F(6000),FILLER(13200) 

DATA KCNB /600/ 
DATA KF /6000/ 
DATA BUF /-l.E50/ 

C 
C 

C 
1000 FORMAT ( 1035) 
1100 FORMAT (10ElO.O) 
1200 FORMAT (//,4X,*TIME*,55X,*FORCE POINTS*/ 

1201 FORMAT ( 20X, lO( * ( *I2* 1 * ,7X 1 / 
1202 FORMAT (//1X,1PE11.4,4X,10~1PEll.3)) 
1203 FORMAT (16X,lO(lPE11.3)) 
1204 FORMAT (//,48X,*STARTT =*,F10.6,/,50X,*ENDT =*,F10.6,/, 

+ 48X,*DELTAT =*,F10.61 

+ 48X, *NWRKFL =* ,I5, / , 
+ 48X,*NFORFL =*,IS,//, 
+ 30X,*DATA IS WRITTEN O N  PAPER EVERY *,I5,* TIME STEPS*) 

1206 FORMAT (//30X,*NUMBER OF FORCES APPLIED T O  BOOSTER = * , 1 5 , / / ,  
+ 32X,*YUMBER OF TRUNCATED BOOSTER M O D E S  =*,IS,//, 
+ 41X,*NUMBER OF INTERFACE DOFS =*,I51 

1207 FORMAT (//,27X,*INTERPOLATION OF THE FORCE DATA IS NEEDED*,SX, 
+ *(IFTERP = O)*) 

1208 FORMAT (//,25X,*INTERPOLATION OF THE FORCE DATA IS NOT NEEDED*, 
+ ,5X,*(IFTERP = 1 ) * )  

+ 40X, *STAPTT =*, 1 PE 13.3, / / ,  42X, *ENDT =*, 1PE 13.3, / /  , 
+ 40X,*DELTAT =*,lPE13.3,//, 
+ 14X,*NUMBER OF FORCE POINTS ( N B  + I F !  = * , 1 6 , / / ,  
+ 26X,*NUMBER OF TIME STEPS =*,I61 

2001 FGRMAT (4(/),40X,*TIME =*,lPE13.3,/,40X,19(lH-),/) 

+ ,4x,*----* ,55x,*----- - - - - - - *  ) 

1205 FORMAT (/////,SOX,*INPUT PARAMETERS*,/,50X,lG(lH-),///, 

2000 FORMAT (10(/),40X,*FORCE - TIME HISTORY*,/,4OX,20(1H-),//, 

C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C BEGINING OF PROGRAM 
C 
C 
C 
C 8 .  INPUT VARIABLES c - - - - - - - - - - - - - _ - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

READ ( N I T , 1 0 0 0 )  NWRKFL,NWRITE,NFORFL 
READ (NIT,llOQI STCRTT,ENDT,DELTAT 
READ INIT,:0001 NF,NB,IF 
READ ( N I T , 1 0 0 0 )  IFTERP 

CALL PAGEHD 
WRITE ( N O T , 1 2 0 5 )  NWRKFL,NFORFL,NWRITE 
WRITE (NOT.12041 STARTT,ENDT,DELTAT 
WPITE ( N O T , 1 2 0 € \  NF,NB, I F  
I F  (IFTERP . E O .  01 WRITE ( N O T , 1 2 0 7 )  
I F  (IFTERP .EQ. 1 )  WRITE iNOT,1208) 

C 
CALL ZWRKFL ( N W R K F L )  

C 
C C. R E A D  TIME AND FORCE DATA c . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 

CALL ZRE4D (TlMEI 
CALL ZREAD ( F O R C E )  
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CALL ZREAD (PHINBR) 
CALL ZREAD ( T B R )  

C 
C D. PERFORM ERROR CHECKS AND FORM THE FORCE MULTIPLICATION MATRIX c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL TIMCHK (GHASSEM 1 
CALL ZSIZE ( FORCE, NR 1 , N C  1 ) 
CALL ZSIZE (PHINBR,NR2,NC2) 
CALL ZSIZE (TBR,NR3,NC3) 

NERROR= 1 
IF ( N F  .NE. NC1 1 GO T O  999 

NERROR=2 
IF (NR2 .NE. NR3 .OR. NR2 .NE. N F )  GO TO 999 

NERRORt3 
IF ( N C 2  .NE. RBI GO T O  999 

NERROR=4 
IF ( N C 3  .NE.IF) GO T O  999 
I F  (IFTERP .NE. 1 )  GO T O  3 0  

NERRORr5 
CALL ZTOD (TIME,F,NT,l,KF,lI 
EPS=DELTAT/l.E08 
DO 20 I=l,NT 
I F  ((STARTT+FLOAT(I-lI*DELTAf-F(I)I .GT. E P S )  GO T O  999 

C 

20 CONTINUE 

30 NCTOT=NB+IF 
C 

CALL ZZERO (PMITB,NR2,NCTOT) 
CALL ZASSEM (PHINBR,l,l,PHITB) 
CALL ZASSEM (TBR,l,NB+l,PHITB) 

CALL TIMCHK (GHASSEM 1 
C 

C 
I F  (IFTERP . E O .  0 .AND. NCTOT .GT. KCNB) GO T O  50 

CALL ZMULT (FORCE,PHITB,TABF) 

I F  (IFTERP . E O .  1 )  G O  T O  100 

CALL TIMCHK (GHF*PHTB) 

CALL TIMCHK (GHF*PHTBI 
C 

C 
C E .  PERFORM INTERPOLATION USING SUBROUTINE ZTERPl c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL TIMCHK (6HZTERP1) 

CALL TIMCHK IGHZTERPl) 
CALL ZTERPl (TIME,TABF,STARTT,ENDT,DELT6T,NFORFL) 

GO TO 200 
C 

C 
C F. PERFORM INTERPOLATION USING SUBROUTINE ZTERP c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

50 CONTINUE 
CALL TIMCHK IGHPRETERI 

N T P = ( E N D T - S T A R T T I / D E L T A T + l , l  

DO 70 I=l,NTP 
F I I ) = E T A R T T + F L O A T \ I - l ) * D E L T A T  

C 

70 CONTINUE 
C 

C 
CALL DTOZ ( F , T 2 , l a N T P , l . K F )  

CALL ZTRANS ( T I M E , T l )  
CALL ZTRANS (FORCE,FlI 

ORIGINAL PAGE CS 
OF POOR QUALlW 
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CALL DTOZ i F , T I M E , N T ? , l , K F , l )  

C 

CALL ZTERP ( f l , T 2 , F l , F 2 )  

C 

CALL ZTRANS ( F 2 , F 2 T )  
CALL ZMULT (F2T ,PHITB,TABF)  

CALL ZTOSEQ2 (TIME,TABF,NFORFL 

GO TO 200 
C 

1 2 0  CONTINUE 

CALL ZTOSEQ3 (TIME,TABF,NFORFL 

REWIND NFORFL 
NW=NWRITE 

C 

CALL TIMCHK (GHPRETER) 

CALL TIMCHK (PAZTERP 1 - 

CALL TIMCHK (GHZTERP I:, 

CALL TIMCHK (GHT-MULT) 

CALL TIMCHK ( 6 H T - k S L l \  

CALL TIMCHK (6HZTOS2 

CALL TIMCHK (6HZTOS2 

CALL TIMCHK (6HZTOS3 

CALL TIMCHK (6HZTOS3 

._ 
CALL TIMCHK (6HWRITE 1 

READ (NFORFL) I R U N N O , I D A T E , S T A R T T , E N D T , D E L T A T , N B I F , N T P ,  
+ ( B U F , 1 = 1 , 1 0 1  

C 
CALL PAGEHD 
WRITE I N O T , 2 0 0 0 )  STARTT,ENDT,DELTAT,NBIF,NTP 
CALL PAGEHD 

DO 300 J=1 ,NTP 
READ (NFORFLI  T , ( F ( I ) , I = l , N 6 I F )  
I F  (NW . L T .  NWRITE .AND. J .NE.  NTP)  GO TO 2 9 0  
NL INE=NLINE+7  
I F  ( N L I N E  . L E .  NLPP)  GO T O  280 
CALL PAGEHD 
NLINE=NLINE+7 

280 WRITE ( N O T , 2 0 0 1 )  T OF PO08 QUALITY 
CALL WRITE (F,l,NBIF,GHFORCES,l,KF) 
NW=O 

290 NW=NW+l 
3 0 0  CONTINUE 

C 

.., ORIGINAL F>,....- !%$ 

CALL TIMCHK (6HWRITE I 
C 
C I. E X I T  
c 
C 

- - - - - - - 
RETURN 

999 CALL ZZBOMB lGHZFORCE,NERRORI 
END 

c; 
i i a  



PROGRAM RSSPONS (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT, 
+ TAPE20 ,  TAPE30 ,  TAPE31  , TAPE32 ,  TA"E33 ,  TAPE40 1 

C 
C 

1 C A L L  START 

C A L L  ZRESP 

GO Ti) 1 
END 

ORIGINAL PAGE [s 
OF POOR QlJALi-CY C A L L  TIMCHK (GHZRESP 

C A L L  TIMCHK ( G H T S E G I N )  

C A L L  TIMCHK (6HZRESP 1 
C A L L  TIMCHK ( G H T P R I N T )  

C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
I: 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r 
c 

P 
b 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* 
* 

* 
ZRESP * 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE ZRESP 

SUBROUTINE ZRESP PRODUCES THE RESPONSE OF THE COUPLED 
BOCSTER/PAYLOAD SYSTEM. 

DEVELOPED BY RC ENGELS AND TG SHANAHAN, JANUARY 1 9 8 2 .  

COMMENTS 

1 .  SUBROUTINE ZRESP IS PART OF A COMPLETE BOOSTEh/PAYL@AD 
- - - - - - - -  

INTEGRATION SOFTWARE PACKAGE U S I N G  A D IRECT NUMERICAL 
INTEGRATION TECHNIQUE. A D I S C U S S I O N  OF T H I S  TECHNIQUE CAN 
CAN BE FOUND I N  "STRUCTURAL DYNAMICS PAYLOAD LOADS 
ESTIMATES - F I N A L  REPCIRT, MAY 1 9 8 2 " .  

3 .  SUBROUTINE ZRESF USES A M O D I F I E D  FORMA OF THE NEWMARK- 
C h '  k b r  L I -  RETA INTEGRATION SCHEME. 

3 .  THE FOLLOWING DATA IS PUT ON N W F I L E :  
A .  A HEADER CONTAINING - RUNNO, DATE, S'TARTT, ENDT, D E L T A T ,  I F  

B .  THE RESPONSE DATA : 
AND NP 

T 1 ,  ( Q I B ~ l ) , I = l , I F ) ,  ( Q N P ( I ) , I = l , N P ) ,  
( Q I B D ( I ) l I = l , I F ) ,  ( Q N P C ( I ) , I = l , N P ) ,  
( Q I B D D ( I ) , I = l , I F ) ,  ( Q N P D O ( I ) , I = l . h ? ) ,  

A L L  OF THESE PROPERTIES ARE EVALUATE@ A T  T I M E  = T 1 .  
T H I S  STEP IS REPEATED FOR ALL T I M F  STEPS. 

4 .  SLB2OUTINE ZRESP C A L L  S THE FOLLOWING FORMA SUBROUTINES: - PAGEHD, READ, TIMCHK, ZAABB, Z I N V 3 ,  ZMULT, ZREAD, Z S I Z E ,  
ZTOD, ZTRANS, ZWRKFL, ZZBOM8 

5 .  SUBROUTINE ZRESP ALSO CALLS THE FOLLOWING S P E C I A L  PURPOSE 
SUBROUTINES THAT WERE DEVELOPEL E S P E C I A L L Y  FOR T H I S  SOFTWARE 
PACKAGE : 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- ZABDT, ZMULTCD, ZMULTOD 

SUBROUTINE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
SUBROUTINE ZRESP #AS NO SUBROUTINE ARGUMENTS. 

F I L E  ASSUMPTIONS: - TAPE1 = WORK F I L E  REQUIRED BY ZRESP. N W R K F L z l .  - TAPE10  = FORMA F I L E  (FOR INPUT D A T A ) .  NOTE THAT 
MCIQE THAN ONE 7ORMA F I L E  MAY BE NECESSARY 
I F  NPUT DATA I S  RECORDED CN SEVERAL FORMA 

- TAPE11  = SEQUENTIAL F I L E  (FOR OUTFrJT D A T A ) .  N W F I L E Z 1 1 .  

PROGRAM RCSPNS ( INPUT,OUTPUT,TAPE5=!NPUT,TAPEG=OUTPL!T,  
J T A P E l , T A P E l O , T A P E l l i  

1 C A L L  START 

C A L L  ZRESP 

C A L L  TIMCHK (E iHTBEGINI  
CALL  TIMCHK (GHZRESP 1 

CALL  TIMCHK (GHZRESP i 
C A L L  TIMCHK ( G H T P R I N T )  

GO TO 1 
END 

I N P U T  FORM - - - - - - - - - -  
C A L L I N G  PROGRAM MUST C A L L  S I A R T  

REAP NWFILE,NWRKFL,NWt?ITE,NFORFL 
READ STARTT,  ENDT, DELTAT 
READ GAMMA, BETA 
READ N F ,  NB,  I F ,  NP 
READ NDAMPB, NDAMPI ,  NDAMPP 
C A L L  ?REAL? ( F R E Q B T )  
I F  (NDAMPB .EO. 0) GO TO 1 
C A L L  READ ( D A M P b , N R l , N C l , l , K B I  
GO TO 2 

1 READ ZETAB 
2 CALL  ZREAD i F R E Q I l  

I F  (NDAMPI  .EO.  0) GO T i l  3 
C A L L  READ ( D A M P I , N R 2 , N C 2 , i , K I I  
GO TO 4 

3 READ Z E T A 1  
4 C A L L  ZREAD (F ,cEQPAl  

I F  (NDAMPP .EQ. OI GO TO 5 
CALL READ ( D A M P P , N R 2 , N C 2 , 1 , K P l  
GO TO 6 

5 READ ZETAP 
6 C A L L  ZREAD ( 8 2 1  

CALL  ZREAD ( 0 2 )  
C A L L  ZREAD i P H I I B I  
CALL  READ (QNBG,NR? N C 3 , 1 , K B 1  
CALL  READ ( O N B D O , N k 4 , N C 4 , 1 , K B l  
C A L L  READ ( Q ! B O , N R 5 . N C 5 . l . K I )  

! 415 )  
3 E 1 0 . 0 )  

( 2 i 1 0 . 0  l 
( 4 1 5 )  
( 3 1 5 )  
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C CALL  READ (Q18DO,NR6,NC6,1  , S I  1 
C CALL READ ( Q N P O , N R 7 , N C ? , l , F P )  
C CALL  READ ( QNPDO , NR8,  NC8 1 , KP 1 
C 
C 
C D E F I N T I T I O N  OF INPUT VARIABLES c ---_------__"-_-------.------- 
C 
C 82 = THE INTERFACE/BOOSTER MASS COUPLING M A T R I X  I N  
C P A R T I T I O N - L O G I C .  S I Z E  ( N B , I F ) .  
C BETA = INPUT PARAMETER FOR NEWMARK-CHAN-BETA NUMERICAL 
C INTEGRCTION TECHNIQUE. A GOOD VALUE I S  BETA= 0.25 
C DAMPB = BOOSTER MODAL DAMPING M A T R I X  I N  DENSE-LOGIC.  
C DIAGONAL M A T R I X  I N P U T  AS A ROW VECTOR. 
C S I Z E  ( 1 , N B I .  
C DAMPI : INTERFACE MODAL DAMOPING M A T R I X  I N  DENSE-LOGIC.  
C DIAGONAL M A T R I X  I N P U T  AS A ROW VECTOR. 
C S I Z E  ( 1 , I F ) .  
C DAMPP = PAYLOAD MODAL DAMPING MATRIX  I N  DENSE-LOGIC.  
C DIAGONAL M A T R I X  I N P U T  AS A ROW VECTOR. 
C S I Z E  ( 1 , N P )  
C DELTAT = T I M E  STEP FOR I N T E G R A T I O N  ROUTINE.  
C ENDT = STOPPING T I M E  FOR THE NUMERICAL I N T E G R A T I O N  
C ROUTINE . 
C FREQBT = TRUVCATED, CANTILEVERED BOOSTER FREQUENCY VECTOR 
C I N  P A R T I T I O N - L O G I C .  S I Z E  ( 1 , N 6 )  
C F R E Q I  : INTERFACE FREQUENCY VECTOR I N  P A R T I T I O N - L O G I C .  
C S I Z E  ( 1 , I F )  
C FREQPA = TRUNCA i E D  , CANT1 LEVERED , ASSEMBLED PAY LOAD 
C FREQUENCY VECTOR FOR A L L  PAYLOADS I N  P A R T I T I O N -  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

P 
L 

GAMMA 

I F  
NB 

NDAMPB 

NDAMP I 

hDAMPP 

NF 
NFORFL 

N? 

NWFILE 
NWR I TE 

YWRKFL, 
P2 

PHI IB 
Q i a c  

LOGIC.  S I Z E  ( 1 , N P ) .  
INPUT PARAMETER FOR NEWMARK-CHAN-BETA NUMERICAL 
INTEGRATION TECHNIQUE. A GOOD VALUE I S  GAMMAzO.5 
NUMBER OF INTERFACE DOFS. 
NUMBER OF TRUNCATED, CANTILERED BOOSTER MODES. 
0 FOR A CONSTANT VALUE OF MODAL DAMPING I N  THE 

1 FOR A V A R I A B L E  VALUE OF MODAL DAMPING I N  THE 
BOOSTER MODAL DAMPING M A T R I X .  

GOOSTER MODAL DAMPING M A T R I X .  
(MUST I N P U T  OAMPB FOR NDAMPB = 1 ) .  

0 FOR A CONSTANT VALUE OF MODAL DAMPING I N  THE 
INTERFACE MODAL DAMPING M A T R I X .  

1 FOR A V A R I A B L E  VALUE OF INTERFACE MODAL 
DAMPING. MUST INPUT DAMPI WHEN N D A M P I = l .  

0 FOR A CONSTANT VALUE OF MODAL DAMPING I N  THE 
PAYLOAD MODAL DAMPING M A T R I X .  

1 FOR A V A R I A B L E  VALUE OF MODAL DAMPING. 
MUST I N P U T  DAMPP FOR NDAMPP = 1 .  

NUMBER OF DOFS I N  BOOSTER WHERE FORCES ARE A P P L I E D  
LOGICAL F I L E  NUMBER C O N T A I N I N G  THE INTERPOLATED 
FORCE D A T A .  T P I S  PATA IS S E Q U E N T I A L .  
TOTAL NUMBER OF TRUNCATED, CANTILEVERED PAYLOAD 
MODES. 
LC' -?AL F I L E  ?!UMBER FOR OUTPUT DATA.  

1 RESULTS ARE P R I N T E D  ON PAPER. 
LOGICAL F I L E  NUMBER FOR WORK F I L E .  
THE PAYLOAD/INTERFACE COUPLING MASS M A T R I X .  
SIiE ( i F , N P ) .  
THE INTERFACE MODES M A T R I X .  S I Z E  t I F , I F l .  
DENSE-LOGIC VECTOR OF I N I T I A L  MOGAL DISPLACEMENTS 
OF THE INTERFACE DOFS AT STARTT.  SIZE ( ! , I F )  

0 i,ESULTS ARE NOT PRINTED ON PAPER. 
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C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

i 

+ 
+ 
+ 
+ 
+ 

DATA 
DATA 

QIBDO 

QNBO 

- - 
- 

QNBOO = 
QNPO = 

QNPDO = 
ZETAB = 
ZETA1 = 

ZETAP = 

DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL V E L O C I T I E S  
OF THE INTERFACE DOFS A T  STARTT. S I Z E  ( 1 , I F ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL 
DISPLACEMENTS OF THE BOOSTER DOFS AT THE STARTT. 
SIZE ( 1 , N B ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL V E L O C I T I E S  
OF THE BOOSTER DOFS A T  STARTT. SIZE ( 1 , N B )  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL 
DISPLACEMENTS OF THE PAYLOAD DOFS. S I Z E  ( 1 , N P ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL V E L O C I T I E S  
OF THE PAYLOAD DOFS AT STARTT. S I Z E  ( 1 , N P ) .  
VALUE OF BOOSTER MODAL DAMPING FOR ALL DOFS WHEN 
NDAMPB = 0. 
VALUE Of INTERFACE DAMPING FOR ALL DOfS WHEN 
NDAMPI = O .  
VALUE OF PAYLOAD MODAL DAMPING FOR ALL DOFS YHEN 
NDAMPP = 0. 

i 

Uti,ii!.&L P A E  is 
OF POOR QUALm 

A .  DIMENSION, COMMON, DATA, FORMAT 

COMMCN /NITNOT/ N I T  ,NOT 
COMMON /LSTRT4/  NLINE,luLPP 
DIMENSION D 1 ~ 5 0 0 ~ , D 2 ~ 2 0 0 ~ , 0 3 i 5 O O ~ , D 4 ~ 5 O O ~ , D 5 ( 2 0 0 ~ , D ~ ~ 5 O G ~ , D 7 ~ 5 O C ~ ,  

D 8 ~ 2 ~ ~ ~ , 0 9 ~ 5 3 0 ~ , O N ~ 0 ~ 5 0 0 ~ , Q N B ~ 5 0 0 ~ , Q N B D 0 ~ 5 0 0 ~ , Q ~ ~ D ~ 5 0 0 ~ ,  
Q N B O D C ~ 5 0 0 ~ , Q N S D D ~ 5 0 O ~ , Q I B O ~ 2 O O ~ , Q I B ~ 2 O ~ ~ , Q I B D O ~ 2 O O ~ .  
O I ~ D ~ 2 C 0 1 , 3 I B D D 0 ~ 2 0 0 ~ , Q I B D D ~ 2 O O ~ , Q N P O ~ 5 O O ~ , ~ N P ~ 5 0 0 ~ ,  
Q N P D O i 5 0 0 1 , Q N P D ~ 5 0 0 ~ , O N P D D 0 ~ 5 O O ~ , Q N P D O ~ 5 O O ~ , O M B 2 ~ 5 O O ~ ,  
OMP2~500~,F8(500),FI~2001,FP(5001, 
H E L P 1 1 1 2 0 0 ) , O M X 2 ~ 2 0 0 )  

- - - - - - - - - - - - - - . - - - _ - - - - - - - - - - - - - - - - -  

- 

1 0 0 0  FORMAT 
1100 FORMAT 
1200 FORMAT 
1250 FORMAT 
1300 FORMAT 
1400 FORMAT 

+ 
4. 

+ 
+ 

1500 FORMA 
+ 
+ 
+ 

2 0 0 1  FORMA 
+ 
+ 
+ 

2 0 0 4  FORMAT 

2005 FORMAT 

2006 FORMAT 

+ 

+ 

K 6 , K I  ,KP /50(!, 200,500/ 
BUF / -  1 .E50/  

1015) 
10E 10.0 1 
/ / 9 X , 8 H  TIME = , F 1 0 . 6 )  
/ /  l o x ,  *T IME = *,  F 10 . S  ,4X, *(CONTINUED ) * )  
/ / 9 X , 1 5 H  APPLIED FORCES / ( l O X , l P 5 E 1 6 . 8 ) )  
/ /SX,* INTERFACE RESPONSE (MODAL COORDINATES)* , / ,  5 x , * - - - - - - - - -  - - - - - - - -  

+ 13H DISPLACEMENT//,(lOX,13,1P3E20.8)) 

+ 48X,*DELTAT =* ,F10 .61  

/ / 9X ,4H ROW,GX, 13H ACCELERATION,8X,SH VELOCIT;, I O X ,  

2002 FORMAT ( / / , 4 8 X , * S T A R T T  =*,F10.6,!,53X,*ENDT = * , F 1 0 . 6 , / ,  

2003 FORMAT (// ,SOX,*PARAMETERS FOR NEWMARK-CHAN-BETA INTEGRATION*,  
* ROUTINE*, / / ,  49X,*GAMMA =*, F 10.6, / ,  
5OX,*BETA = * , F 1 0 . 6 )  

( / / 4 X , *  NON-INTERFACE RESPONSE (MODAL COORDINATESI* , / ,SX,  
13(  1H- I , 1 X  ,8( 1H- ) ,2X, 19( 1H- ) , / /9X, * RGW* ,7X, 
* A C C E L E R A T I O N * , S X , * V E L O C I T Y * , l l X , * D I S P L A ~ E M E N T * / /  
, ( 1 0 X , 1 3 , 1 P 3 E 2 0 . 8 1 )  

48X,*NWFILE =* ,15 , / ,48X,*NWRKFL = * ,15 , / ,  
48X,*NFORFL = * , 1 5 , / / ,  
SOX,*DATA I S  WRITTEN ON PAPER EVERY *,I5.* TIME STEPS*)  
/30X,*VALUE OF BOOSTEk MODAL DAMPING IS CONSTANT*, 

/30X,*VCLUE OF PAYLOAD ' 3 D A L  DAMPING IS A CONSTANT*. 

//30X,*NUMBER OF FORCES APPLIED TO BOOSTER 

( / / / / / , S O X , * I N P U T  PARAMETERS*,/,SOX,lG(lH-),///, 

SX,*(NDAMPB = I \ * )  

SX,*(NDAMPP = l l * !  
= * ,  15,//, 
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C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

C 

C 

c 

+ 32L*NUMBER OF TRUNCATED BOOSTER MODES -,IS,//, 
4!X,*NUMBER OF INTERFACE DOFS #*,IS,//, 

+ 32X.*NUMBER OF TRUNCATED PAYLOAD MODES .*,IS) 
*.***U*.*****.*********..* 

BECiNNlNG OF PROGRAM 
********0.**.*.*************** ORWtNkL PACE is 

Or R%X QUAlllV 
8 ,  READ INPUT DATA 
--u-----.*--------. 

READ ( N I T , l 0 0 0 1  NWFILE,NWRKFL,NWRITE,NFORFL 
READ ( N I T , 1 1 0 0 )  STARTT,ENDP,DELTAT 
READ ( N I T , 1 1 0 0 )  GAMMA,BETA 
READ 1 N I T , 1 0 0 0 )  NF,NB,IF,NP 
READ (NIT,1000) NDAMPB,NDAMPI,NDAMPP 
WRITE (NOT,2001)  NWFILE,NWRKFL,NFORFL,NWRITE 
WRITE (NOT,20021 STARTT,ENDT,DELTAT 
WRITE (NOT,2003)  GbMMAQ9ETA 
I F  1NDAMPB .EO. 0 )  YRITE(NOT,2004)  
I F  (NDAMPP .EO. 0 )  WRITE(NOT,20051 
WRITE (NOT,2006)  NF,NB,IF,NP 

CALL ZWRKFL 1NWRKFL) 

C .  CALCJLATION OF CONSTANTS ------.--------------------- 
CO 0 DEL T b. T e DE i T A T  
ClaGIUMA*DELTAT 
C2=6ETA*CO 
C3al l . -GAMMAl*DELTAT 
C4ztO.S-BETAl*CO 

0. CSLCULPTlON OF THE VECTORS D1,D4, AND 07 ____.____---_.._____------------------------ 
CALL TINCHK (6HDVECS I 

NERROR. 1 

CALL Z R E A D  t FREQBT 1 
CALL LTOD tFREQBT,ONB, l ,N62, l ,KB)  

I F  ( N 6  .NE. NB2)  GO TO 999 
I F  (NDAMPB . E O .  0) GO TO 10 
CALL READ tQNBD,NRl,NC1,1, I iBI  
I F  (NB .NE. NC1) GO 10 999 

20 

10 

40 
30 

3@ 

DO 20 I = l , M  
QNBD(I~ol~.56~3706l*QN6~~1)*Q~6!1~ 
O M B 2 r I ~ ~ 3 9 . 4 7 ~ f t 1 7 6 * Q N 8 ~ I ~ * Q ~ ~ ~ I ~  
CONT 1 NU€ 
GO T O  30 
CON1 INUE 
R E A D  I N I T . 1 1 0 0 )  Z E T A 0  
PO 4 0  I = l , N B  
ON60 I I 12.56637CIG 1 *ZETAB*3NR I I 
O M B 2 ~ 1 ~ ~ 3 9 , 4 7 8 4 1 7 6 * 0 N ~ ~ I ~ * Q N E ~ I ~  
CONT 1 NUE 
CONT I NUE 
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ORIC!:.!g.L F.:cz [s 
C E .  CALCUATION OF THE VECTORS 02, 05, AN D  08 W POOR Ct lAL iY  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 

CALL ZREAD (FREQII 
CALL ZTCD ~ F R E Q ~ , Q I B , l , I F 2 , l , K I ~  

IF (IF .NE. IF21 GO 1.1 399 
IF (NDAMPI .EO. 0) GO T O  55 
CALL READ (QIBD,NR3,NC3,1,Kf) 
I F  (IF .NE. N C 3 )  GC T 9  39-3 

DO 52 I=l,IF 
9 I B D ( I ~ = 1 2 . 5 6 6 3 7 0 6 1 * Q I B D f I ) * ~ I B ( I )  
CMI2(1)=39.4784i76*QIB(I)*QIB(I) 

52 CONTINUE 
GO T O  58 

55 READ (NIT,11001 ZETA1 
D O  56 I=l,IF 
QIB0(1)=12.56637061*ZETAI*QIB(I) 
OM12(1)=39.4784176*QIB(I)*QIB(I) 

DO 59 I=l,IF 
D2(I)=l.+Cl*QIBD(I)+C2*OMI2(1) 
D5(II=QIBD(I)+DELTAT*OM12(I) 
D8(I)=C3*QIBD(i)+C4*OMI2(1) 

NERRCId-2 

C 

56 CONTINUE 
58 CONTINUE 

59 CONTINUE 
C 
C 
C F. CALCULATION OF THE VECTORS D3, D6, AND D9 c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL ZREAD (FREQPA) 
CALL ZTOD ( F R E Q P A , Q N P , i , N P 2 , 1 , ~ P )  

IF ( N P  .NE. N P 2 )  

IF-(NDAMPP .EO. 0) GO T O  60 
CALL READ (QNPD,NR2,NC2,1,KP) 
I F  ( N P  .NE. N C 2 )  

DO 70 I=l,MP 
QNPD(I)=12.56637061*CNPC(II*QNP(I) 
OMP2(1)=39 4?84176*QNP(I)*~NP(I) 

70 CONTINUE 
GO T 3  80 

60 CONTINUE 
READ(NIT.1100) ZETAP 
00 90 I=l,NP 
QNPDII)=12.5663706 * ZETAP * QNP( I )  
O M P 2 ( I )  = 39.4784176*QNP(I)*QNPrI) 

C 

C 

90 CONTINUE 

80 CONTINUE 
C 

C 
DO 100 I=l,NP 
D3(1)=1.+Cl*QNPD(II+C2*OMP2(1) 
061 I)=QNPDtI~+DEiTAT*OMP2(1) 
D9( I ! = C ~ * Q N P D I  I )+C4*OMP2( 1 )  

100 C O N T I N L ' E  
C 

C 
C G. C ~ L C U L G T I O N  OF A I ,  A2, AND A 3  MATRICES 

C A L L  TIMCHKIGHDVECS 
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NERROR=3 
GO T O  999 

GO TO 999 



C . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - - -  
CALL TIMCHK(GHA123 I 

CALL ZREAD (82) 
CALL ZREAD ( P 2 )  
CALL ZREAD (PHIIS) ORIGINAL PAGE IS 

CALL ZSIZE (B2,1F2,NB2) 

IF (IF.NE.IF2 .OR. NB.NE.NB2) GO TO 999 
CALL ZSIZE iP2,IF2,NP2) 

IF (IF.NE.IF2 .OR. NP.NE.NP2) GO T O  999 
Cn!L ZSiZE ( ? l { I I B ,  iF2,IF3) 

IF (IF.NE.IF2 .OR. IF.NE.IF3) GO T O  S99 

DO 110 I=I,N6 
Dl(I)=-l./Dl(I) 

DO 120 I=I,NP 
D3(1)=-1./03(1) 

CALL ZMULTDD (62,Dl,NB,A2) 
CALL ZMULTDD (PZ,D3,NP,A3) 
CALL ZTRANS (62,62T) 
CALL ZTRANS (P2,P2T) 
CALL ZMULT (A2,B2T,A282TI 
CALL ZMULT (A3,P2T,A3P22) 
CALL ZAABB (l.,A2B21,1.,A3P2T,HELP2) 
CALL ZABDI (HELP2,D2,1F,AlI) 
CALL ZINV3 (AlI,Al,l) 
CALL ZTRANS (A2,A2T) 
CALL ZTRANS l A 1 7 , A 3 T )  

CALL ZTRANS (PHIIB.PHIIBT) OF POOR QLIALiI i C 
NERROR=4 

NERROR 2 5 

NERROR=6 

r, 

110 CONTINUE 

120 CONTINLJE 

CALL TiMCHK(GHA123 ) 
C 
C H. CALCULATION OF INITIAL ACCELERATIONS - CNBDDO, OIBDDO, QNPDDO C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL TIMCHK (GHINITL I 
CALL ZMULT (B2,82T,HELP3) 
CALL ZMULT (P2,P2T,HELP4) 
CALL ZAABB i-l.,HELP4,-1.,HELP3,HELP5) 
DO 125 I = l , I F  
F I ( I I = l .  

125 CONTINUE 
CALL ZABDI (HELPS,FI,:F,AII 
CALL ZINV3 (&1,,4,1) 

CALL READ (QNBO,NR3,NC3,1,Kd) 
CALL READ (QNBDO,NR4,NC4,1,KBI 
CALL READ (QIBO,NR5,NCS.l,KI) 
CALL READ ~ Q I B O O , N R 6 , N C 6 , 1 , K I )  
CALL READ (QNPO,NR7,NC7,1,KP) 
CALL READ QNPDO, NR8, NC8,1, KP I 

C 

C 
C 

REWIND NFORFL 
R E A D  (NFORFL) I R U N N O , I D A T E , S T A R T 2 , E N D T 2 , D E L T A T 2 , ~ B U F C H , I = l , l O ~  
R E A D  INFO!?FL) T ~ , I F B ~ I ~ , I = ~ , N ~ ~ . ~ F I I I ~ . I = ~ , I = ~ , I F ~ , B U F C H  

DO 130 I=l,NB 
F B ~ I ~ = F B I I I - Q N B D ~ I ’ * Q N B n O ( I I - O M B 2 ~ I I + Q N 6 0 ! 1 ~  

C 

125 



130 CONTINUE ORIG1Ndrr: F.:.:? '5 
C Of POOP Q U , x i , - y  

C 
CALL ZMULTCD (PHIIBT,FI,FP,IF,KP) 

DO 140 I= l , I F  
F I ~ I ~ ~ F P ~ I ~ - Q I B D ~ X ~ * Q I B C O ~ I ~ - O M I 2 ~ I ~ * Q I B O ~ I ~  

DO 150 I=l,NP 
FPII)=-QNPD(I)*QNPDO(I)-OMP2(I)*ONPO(I) 

140 CONTINUE 
C 

150 CONTINUE 
C 

C 

CALL ZMULTCD (B2,FB,QNBD,NB,KB) 
CALL ZMULTCD (P2.FP,HELPll,NP,KI) 

DO 160 I = l , I F  
FI(I)=FI~I)-QNBD(I)-HELPll(I) 

160 CONTINUE 
C 

CALL ZMULTCD (A,FI,QIBDDO,IF,KI) 
CALL ZMULTCD ( B2T, QIBDDO , QNBDDO, I F  , KB ) 
CALL ZMULTCD (P2T,QIBDDO,QNPDDO,IF,KP) 

DO 170 I=l,NB 
QNBDDQ(I)=FB(I)-QNBDDO(I) 

DO 180 I=l,NP 
QNPDDO(I)=FP(I)-QNPDDO(I) 

C 

170 CONTINUE 
C 

180 CONTINUE 
CALL TIMCHK (GHINITL 1 

C 
C I .  CALCULATE THE NUMBER OF TIME POINTS TO BE USED c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NTPtlENDT-STARTT)/DELTAT+l.l 
NW=NWR I TE 
NX=NB+IF+NP 

REWIND NWFILE 
WRITE (NWFILE) IRUNNO,IDATE,STARTT,ENDT,DELTAT,IF,NP,(BUF,I=l,lO) 

1 

L. 

C 
C J.  RESPONSE LOOP c - - - - - - - - - - - - - - - - -  

CALL TIMCHK (GHRESP 1 
DO 500 ITP=l,NTP 
T=STARTT+FLOCT~ITP-l)*DELTAT 

2EAD (NFORFLI T 2 , ( F B ( I ) , I = l , N B ) , ( F I ( I ) , I = l , I F )  

DO 190 I=l,NB 
F B ~ I ~ ~ F B ~ I ~ - 3 4 ~ I ~ * Q N B O O ~ I ~ - 0 7 ~ I ~ * Q N B D D O ~ I ~ - O ~ B 2 ~ I ~ * Q N B O ~ I ~  

C 

C 

190 CONTINUE 
C 

C 
CALL ZMULTCO (PHIIBT,FI.FP,IF,KP) 

DO 200 I=l,:F 
F I ~ I ~ = F P ~ I ~ - D 5 ~ I ~ * Q I ~ D O ~ I ~ - D 8 ~ I ~ * Q I E D D O ~ I ~ - O M I 2 ~ I ~ * Q I ~ O ~ I ~  

200 CONTINUE 
C 

DO 210 I = l , N P  
F P ~ I ~ = - D G I I ~ * Q N P D O ~ I ) - D S ( I ) * Q N P C D O ~ I ) - O ~ ~ P 2 ~ I ~ * Q N P O ~ I ~  

210 CONTINUE 
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C 
C 
C 

C 

J1. CALCULATION OF RESPONSE 

CALL ZMiJLTCD (A2,FB,QI8DD1NB,KI 1 
CALL ZMULTCD (AS,FP,HELPll ,tdP,KI) 

DO 220 I:l,IF 
FI(I)~FI(I~+QI8DD(II+HELPll(I) 

CALL ZMULTCD (Al,FI,QIBDD,IF,KI) 

DO 230 I:l,IF 
Q I B D ~ I ~ = Q I B D O ~ I ~ + C 3 * Q I B D D O ~ I ~ + C 1 * Q I B D D ~ I ~  
Q I B ~ I I = Q I B O ~ I ~ + D E L T A T * Q I B D O ~ I ~ + C 4 * Q I B D 0 0 ~ I ~ + C ~ * Q I B 5 D ~ I ~  

CALL ZMULTCD ( A21, QI BDD , QNBDD , I F , K B  1 

DO 240 I:l,NB 

QNBD ( I 1 =QNBDO ( I I +C3*QNBDD0 ( I +C 1 *QNBDD ( I I 
CNB(I)=ONBO~I~+DELTAT*QNBDO(I!+C4*QNBDDO~I~+C2*QNBDD~I~ 

CALL ZMULTCD (A3T,QIBDD,QNPDD,IFlKP) 

DO 260 I=l,NP 

QNPD(I)=QNPDO(II+CS*QNPDDO(I)+Cl*QNPDD(I) 
ONP( Il=QNPO(I)+DELTAT*QNPDO(II+C4*QNP~DO(I)+C2*QNPDD(I) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

220 CONTINUE 
C 

C 

230 CONTINUE 
C 

C 

QNBDDII):-Dl(I)*FB(I)+QNBOD(I) 

240 CONTINUE 
C 

C 

ONPDD(II:-D3(II*FP(I)+QNPDDIII 

260 CONTINUE 
C 
C 
C 

J 2 .  WRITE ANSWERS ON NWFILE FOR LATER USE 
- - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - ~ - - -  

WRITE (NWFILEI T I  ~ Q 1 6 0 ~ 1 ~ , 1 = 1 1 1 F ~ 1  ( Q N P O I I ) , I = l , N P ) ,  
+ (QIBDO(1 ) , I = l , I F ) ,  (QNPD011 ) ,I=I,NPI, 
+ IQIBDDO(II,I=l,IF), (ONPDDO(I),I=l,NP), 
+ BUF 

C 
C 
C 

33. SEE I F  DATA SHOULD BE PRINTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IF ( I T P  .LT. NTP .AND. NW .LT. NWRITE) G O  T O  300 

CALL PAGEHD 
NLINE=lS 
WRITE ( N O T 1 1 2 0 0 )  T 
NXSI = 1 
NXEI=IF 
I F  (NXEI .GT. INLPP-NLINE)) NXEIzNLPP-NLINE 

NLINE=NLINE+NXEI-NXSI+l 
I F  ( I F  . E Q .  NXEII GO TO 315 
CALL PAGEHD 
YRITE iNOT,1250) T 
NLINE= 13 
NXSI=NXEI+l 
NXEI = I F 
I F  IINXEI-NXSII . G T .  INLPP-NLINEII NXEI=NXSI+NLPP-NLINE 
GO T O  310 

NXSP: 1 

CALL TlMCHK (GHWRITE I 

310 WRITE (NOT,14001  ~ I , O I B D D O ~ I ~ , Q I B D O ~ I ~ , Q I B C ( I , , I = N X S I . N X E I ~  

315 CONTINUE 
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ORIGINAL PAGE Is 
NXEP=NP OF POOR Q U A L I ~  NLINE=NLINE+13 
IF ((NLINE+10) .LT. NLPP) GO T O  318 
CALL PAGEHD 

318 WRITE (NOT,1250) T 
NLINE=NLINE+lO 
I F  (NXEP .GT. (NLPP-NLINE)) NXEPzNLPP-NLINE 

320 WRITE (NOT,1500) ~ I + I F , Q N P D D O ( I ) , Q N P D O ~ I ~ , Q N P O ~ I ) , I = N X S P , N X E P ~  
IF (NP . E Q .  NXEP) GO T O  330 
NXSP=NXEP+l 
NXEP=NP 
CALL PAGEHD 
WRITE (NOT,1250) T 
NLINE=10 
I F  ((KXEP-NXSP) .GT. (NLPP-NLINE)) NXEP=NXSP+NLP+-NLINE 
GO TO 320 

C 
330 NW=O 

300 NW=NW+l 
CALL TIMCHK (GHWRITE 1 

C 
C 
C 
C 

J4. REASSIGN 
- - - - - - - - - * - - -  

DO 400 I=l,NB 
QNBO(I)=QNB(I) 
QNBDO(I)=QN?D(I) 
QNBDDO(I)=QNBDD(II 

DO 410 I = l , I F  
QIBO(I)=QIB(I) 
QIBDO(I)=QIBD(I) 
Q I B D D O C I ) = Q I B D D ( I ~  

DO 420 I=l,NP 
QNPO(I)=QNP(II 
QNPDO(I)=QNPD(I) 
QNPDDO(II=QNPDD( I )  

400 CONT I NllE 

410 CONTINUE 

420 CONTINUE 

500 CONTINUE 
C 

C 
C K .  EXIT 
c - - - - - - 

RETURN 
999 CONTINUE 

CALL ZZBOMB [GHZRESP ,NERROR) 
END 

CALL TIMCHK (GHRESP 1 



PROGRAM LOADS (INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT, 
+ T A P E 2 0 ,  T A P E 3 0 ,  TAPE3 1 ,  TAPE32 ,  T A P E 3 3 ,  T A P E 4 0 ,  T A P E 4 1  

C 
C 

1 C A L L  START 
C A L L  TIMCHK ( G H T B E G I N )  
C A L L  TIMCHK ( G H Z L O A L S )  

C A L L  TIMCHK (GHZLOADS)  
C A L L  TIMCHK ( G H T P R I N T )  

ORIGl!VAL [z;!4.Qi is 
OF PO02 QUALIW C A L L  ZLOADS 

C 
GO TO 1 
END 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* ZLOADS * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE ZLOADS 

SUBROUTINE ZLOADS PRODUCES A L L  THE NECESSARY PAYLOAD MEMBER LOADS. 
MAXIMUM AND M I N I M U M  LOADS ARE CALCULATED ON REQUEST. 

DEVELOPED BY RC ENGELS AND TG SHANAHAN, FEBRUARY 1982. 

COMMENTS 

1 .  SUBROUTINE ZLOADS I S  PART OF A COMPLETE BOOSTER/PAYLOAD 
- - - - - - - -  

I N T E G R A T I O N  SOFTWARE PACKAGE U S I N G  A D I R E C T  NUMERICAL 
I N T E G R A T I O N  TECHNIQUE. A D I S C U S S I O N  OF T H I S  TECHNIQUE 
CAN BE FOUND I N  "STRUCTURAL DYNAMICS PAYLOAD LOADS 
E S T I M A T E S  - F I N A L  REPORT, MAY 1982". 

2 .  PROGRAM ZLOADS SHOULD BE RUN FOR EACH PAYLOAD 
SEPERATELY. 

3 .  THE FOLLOWING INFORMATION IS PUT ON N W F I L E  : 
A .  3 HEADER C O N T A I N I N G  THE RUN NUMBER, DATE,  START T I M E  

OF THE LOADS CALCULATION,  END T I M E  OF THE LOADS 
CALCULATION,  T I M E  S T E P ,  NUMBER OF DEGREES OF FREEDOM 
USED, AND THE NUMBER OF T I M E  STEPS. 

8 .  THE T I M E  AND LOADS RESULTS I N  SEQUENTIAL ORDER : 
T 1 ,  ( L O A D S ( I ) , I = l , N U M B E R  OF D O F S ) ,  
T 2 ,  ( L O A D S ( I ) , I = l , N U M B E R  OF D O F S ) ,  

ENDT, i L O A D S (  I), Ill ,NUMBER OF 'DO& 

4 .  I F  M A X L = l  THE MAXIMUM/MINIMUM LOADS M A T R I X  IS WRITTEN 
ON NTAPE. NTAPE IS A DENSE-LOGIC FORMA F I L E .  

5 .  SUBROUTINE ZLOADS USES THE FOLLOWING FORMA SUBROUTINES: 
- L T A P E .  PAGEHD, READIM,  TIMCHK. WRITE,  WTAPE, ZMULT.  

ZREAD, Z S I Z E ,  ZSLADR, ZWRKFL, ZZBOMB, ZZERO 

6 .  I T  ALSO USES S P E C I A L  PURPOSE SUBROUTINE ZMULTCD 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ORIGINAL. PA.2: is 
SUBROUTINE ARGUMENTS Of POOR QUALlW 

SUBROUINE ZLOADS HAS NO SUBROUTINE ARGUMENiS 
- - - - - - - - - - - - - - - - - - - -  

EXAMPLE OF A C A L L I N G  PROGRAY ON THE CDC 172/720/730 

F I L E  ASSUMPTIONS 
. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
- TAPE1 : K I R K  F I L E  REQUIRED 6Y ZLOADS. N W R K F L t l .  - T A P E 1 0  : SEQUENTIAL  I N P U T  F I L E  C O N T A I N I N G  RESPONSE DATA. 

- T A P E 1 1  = SEQUENTIAL  OUTPUT F I L E  C O N T A I N I N G  LOADS DATA. 

- T A P E 1 2  = FORME WTP!!T ?!LE C O N T A I N I N G  MAXIMUM/MINIMUM 

N R E S P F L = l O .  

N W F I L E = 1 1 .  

LOADS F2Tii. riTAFE;:Z 

PROGRAM LOADS I INPUT,OUTPUT,TAPE5=1NPUT,TAPEG=OUTPLJT,  
+ TAPEl,TAPElO,TAPEll,TAPE12) 

1 C A L L  START 
C A L L  TIMCHK ( G H T B E G I H )  
C A L L  TIMCHK (GHZLOADS) 

C A L L  ZLOADS 
C A L L  TIMCHF ( 6 H Z L O A D S )  
C A L L  TIMCHK ( B H T P R I N T )  

GO TO 1 
END 

I N P U T  FORM 

READ MAXL, ISELECT,NWRITE 
READ NQNPS, NQNP 
READ I F B ,  I F P , N P  
READ NRESPFL,NWRKFL,NWFILE,NTAPE 
C A L L  ZREAD ( P K P S I )  
I F  ( I S E L E C T  .EQ. 0 )  GO TO 1 
C A L L  READIM ( I V S E L , N R l , I V S I Z E , l , K l )  

1 C A L L  ZREAD ( P L 1 )  
C A L L  ZREAD ( P L 2 )  
C A L L  LREAD ( T P )  
C A L L  ZREAD ( P H I I 6 )  
C A L L  READIM ( I V E C , N R I , I F l , l , h I )  
RETURN 

- - - - - - - - - -  
( 3 1 5 )  
(215 )  
(315 )  
(415 )  

D E F I N I T I O N  OF INPUT V A R I A B L E S  - - - - - - - - - - - - - - - - - - - -_________ 
I F B  = NUMBER OF BOOSTER !NTEP.FACE DOFS. 
I F P  : NUMBER OF INTERFACE DOFS FOR T H I S  PAYLOAD. 

I S E L E C T  = 0 A L L  ROWS OF P K P S I  ARE USED I N  THE LOAD 
CALCULATIONS.  

ERE USED I N  THE LOAD CALCULATIONS.  
= 1 ONLY ROWS OF P K P S I  THAT ARE SELECTED I N  I V S E L  

CORRESPOND TO INTERFACE DOFS OF T H I S  PAYLOAD. 
I V E C I I )  = ROW LOCATION I N  P H I 1  OF THE I - T H  
INTERFACE DOF I N  T H I S  PAYLOAD. S:ZE ( I F P I .  

SIZE I 1 ,  I V S I Z E  1 .  
MAXL = 0 MAXI i4UM/MINIMUM LOADS CALCULATION IS NOT 

I V E C  = VECTOR OF THE ROW LOCATIONS I N  P H I I B  THAT 

I V S E L  = VECTOR OF ROWS OF P K P S I  THAT INVGLVE T H I S  PAYLOLAD. 

DES I RED 
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C = 1 MAXIMUM/MINIMUM LOADS C A L C U L A T I O N  I S  D E S I R E D .  
C ND = NUMBER OF DOFS I N  T H I S  PAYLOAD. 
C NP = THE TOTAL NUMBER OF TRUNCATED CANTILEVERED 
C MODES FOR A L L  THE PAYLOADS. 
C NQNP = NUMBER OF NON-INTERFACE DOFS I N  THE PAYLOAD. 
C NQNPS = THE P O S I T I O N  NUMBER I N  M A T R I X  ( W P )  WHERE THE 
C F I R S T  DOF FOR THE PAYLOAD OCCURS. 
C NRESPFL = L O G I C A L  F I L E  NUMBER OF THE SEQUENTIAL  F I L E  
C C O N T A I N I N G  THE RESPONSE DATA FOR THE SYSTEM. 
C NTAPE = L O G I C A L  F I L E  NUMBER OF A FORMA F I L E  FOR OUTPUT 
C MAXIMUM/MINIMUM LOADS DATA.  I F  MAXL=O TU'S TAPE 
C I S  NOT USED. 
C N W F I L E  = L O G I C A L  U N I T  NUMBER OF S E Q U E N T I A L  TAPE ON WHICH 
C TO WRITE LOADS DATA. 
C NWRKFL = L O G I C A L  U N I T  NUMBER OF P A R T I T I O N - L O G I C  WORK 
C F I L E  REQUIRED BY ZLOADS. 
C NWRITE = 0 THE LOADS CALCULATION RESULTS ARE NOT P R I N T E D  
C ON PAPER. 
C = N T i i E  LOADS RESULTS ARE P R I N T E D  ON PAPER EVERY N 
C T I M E  STEPS. 
C P H I I B  = THE INTERFACE MODES M A T R I X .  S I Z E  ( I F B , I F B ) .  
C P K P S I  = A LOADS TRANSFORMATION M A T R I X .  TRANSFORMS D I S R E T E  
C DISPLACEMENTS TO LOADS. S I Z E  ( N D , N D ) .  
C P L 1  = THE NON-INTERFACE LOADS TRANSFORMATION FOR T H I S  
C PAYLOAD. S I Z E  ( N D , N D ) .  
C P L 2  = THE INTERFACE LOADS TgANSFORMATION FOR T H I S  
C PAYLOAD. S I Z E  ( N D , I F P ) .  
C TP = THE CONSTRAINT MODAL M A T R I X  FOR T H I S  PAYLOAD. 
C S I Z E  ( N D , I F P ) .  
C 
C 
C 

D IMENSION,  COMMON, DATA, AND FORMAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COMMON / N I T N O T /  N I T , N O T  
COMMON / L S T R T 4 /  N L I N E , N L P P  
COMMON / L S T A R T /  IRUNNO, I D A T E , N P A G E , U N A M E ( 3 )  , T l (  12 )  , T 2 (  1 2 )  

D I M E N S I O N  I V S E L (  500) , Q I B (  200) ,QNP( 500 J , Q I B D D ( 2 0 0 )  ,QNPDD( 500 1 I 
A L l ( 6 0 0 )  , A L 2 ( 6 0 0 )  , A L 3 ( 6 0 0 )  , A L M M ( 6 0 0 , 4 )  , Q I B D ( 2 0 0 )  , 

C 

+ 
+ QNPD ( 500 1 

C 

1 0 0 0  FORMAT 
2001 FORMAT 

+ 
+ 
+ 

2002 FORMAT 

2003 FORMAT 

2004 FORMAT 

2005 FORMAT 

2006 FORMAT 

2 0 0 7  FORMAT 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
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DATA K l , K 2 , K I  /500,600,200/ 
DATA BUF / -  1 .  E 5 0 1  

C 
( 1 0 1 5 )  
( / / ; , 55X , *PAYLOAD LOADS* , /  

5 5 x , * - - - - - - - - - - - - - *  , / i /  
50X I *FOR THE T I M E  I N T E R i A L  OF : * / / ,  52X, * S T A R I T  = * ,  

F 1 2 . 6 , / / , 5 4 X . * E N D T  = * , F 1 2 . 6 , / / , 5 2 X I * D E L T A T  = * , F 1 2 . 6 , / / )  
( 5 ( / ) , 4 O X , * I N P U T  PARAMTERS T 3  Z L O A D S * , / ,  

(18X , *MAXIMUM/MINIMUM LOAD CALCULATION W I L L  NOT BE * 
*PERFORMED*,SX,*(MAXL = O ) * , / )  

( 2 0 X , * M A X I M U N / M I N I M U M  LOAD CALCULATION W I L L  BE PERFORMED*, 
5 X , * ( M A X L  = l l * , / )  

( 1 8 X , * A L L  ROWS OF P K P S I  ARE GSED I N  THE LOAD C A L C U L A T I O N * ,  
5 X , * ( I S E L E C T  = O J * , / )  

( 2X,*ONLY ROWS OF P K P S I  THAT ARE S P E C I F I E D  I N  I V S E L  ARE * ,  
*USED I N  THE LOAD CALCULATIONS*,SX,*(ISELECT = l t * , / / )  

( 46X, *NWR I TE = *  , I 5 ,  / / /  , 
2 6 X , * T H E  NUMBER OF INTERFACE DOFS I N  T H I S  PAYLOAD = * , i 5 , / /  

, 1 0 X , * T H E  ROW NUMBER OF THE F I R S T  NON-INTERFACE DOF FOR * ,  

 OX,*-------------------------* I / /  ) 

* T H I S  PAYLOAD I N  THE BOOSTER = * , 1 5 , / / ,  
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+ 
+ 
+ 
+ 
+ 
+ 

2010 FORMAT 
2011 FORMAT 

+ 
+ 
+ 

C 
C 

24X,*THE NUMBER OF NON-INTERFACE DOFS IN THIS PAYLOAD =*, 
,I5, / / :  

26X,*THE hUM6ER OF INTERFACE DOFS IN THE BOOSTER =*,15,// 
2?X,*THE TOTAL NUMBER OF PAYLOAD MODES RETAINED =*, 15,///, 
45X,*NRESPFL =*,15,//,46X,*NWRKFL =*,15,//,46X,*NWFILE = * r  
15,//,47X,*NTAPE =*,I5,//) 
/ / /  ,50X, *TIME =*, F 12.6, / /  1 
///,SOX,*MAXIMUM AND MINIMUM LOADS*,/ 

,* TIME AT MINIMUM*,//) 
, 5 o x , * - - - - - - - - - - - - - - - - - - - - - - - - - *  A ,  
,30X,*FORM : MAXIMUM, TIME AT MAXIMUM, MINIMUM,*, 

C 
C 

BEGINNING O F  PROGRAM . . . . . . . . . . . . . . . . . . . .  
READ (NIT,1000) MAXL,ISELECT,NWRITE 
READ (NIT,1000) NQNPS,NQNP 
READ (NIT,1000) IFB,IFP,NP 
READ (NIT,1000) NRESPFC,NWRKFL,NWFILE,NTAPE 
CALL PAGEHD 
WRITE (NOT,2002) 
I F  ( M A X L  .EQ. 0) WRITE (NOT,2003) 
IF (MAXL .NE. 0) WRITE (NOT,2004) 
I F  (ISELECT .Ea. 0) WRITE (NOT,2005) 
IF (ISELECT .NE. 0) WRITE (NOT,2006) 
WRITE (NOT,2007) NWRITE,IFP,KQNPS,NQNP,IFB,NP,NRESPFL, 

+ NWRKFL,NWFILE,NTAPE 
C 
C 
C 

COMPUTE MATSICES A=K*PSI*PLl AND B=K*PSI*PL2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HA8 

CALL ZWRKFL (NWRKFL) 
IF (ISELECT .Ea. 0) G O  T O  100 
CALL ZREAD ( P K P S I )  
C A L L  READIM (IVSEL,NRl,IVSIZE,l,Kl) 
CALL ZSIZE (PKPS!,NR2,NPKPSI) 
CALL Z Z E R O  (Z,IVSIZE,NPKPSI) 
C A L L  ZSLADR (l.,PKPSI,IVSEL.IVSIZE,Z) 
GO T O  200 

CALL Z R E A D  f Z )  

C 
100 CONTINUE 

C 
200 

C 
C 
C 

CALL ZSIZE (Z,IVSIZE,NCZ) 

CONTINUE 
CALL ZREAD (PL11 
CALL ZREAD ( P L 2 )  
CALL ZREAD ( T P )  
CALL ZREAD ( P H I I B )  

EXTRACl INTERFACE MODES THAT INVOLVE THIS PAYLOAD ------------------------------------.-  . - - - - - - - . - -  
CALL READIM (IVSEL,NRI,IFl,l,KIJ 

I F  ( I F P  .NE. I F 1 1  

C A L L  Z Z E R O  (PHIIR,IFP,IFBI 
CALL ZSLADR ( l . , P H IIB,IVSEL,IFP,PHIIR) 

CALL ZMULr (Z.PL1,AI 
CALL ZMULT (Z,PL2,BI 

C 

C 

NERROR= 1 
GO TG 999 

CALL ZMULT (B,PHIIR,B21 
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CALL ZMULT ( C , P H I I R , C 2 )  
C A L L  TIMCHK ( G H A B  1 

READ (NRESPFL) IRUNN2,IDAT2,STZRTT,ENDT,DELTAT,IF2,NP2, 

I F  ( N P 2  .NE. N P )  GO T O  999 

I F  ( I F 2  .NE. I F B )  GO T O  999 

+ ( B U F C H , I = l , l O )  
NERROR = 2 

NERRORt3 

REWIND NWFILE 
WRITE ( N W F I L E )  IRUNNO,IDATE,STARTT,ENDT,DELTAT,IVSIZE,NTP, 

+ ( B U F , I = l , l O )  

WRITE (NOT,2001) STARTT,ENDT,DELTAT 
3C 500 KK=1 ,NTP 
READ (NRESPFL) T ,  (QIB( I )  , I =  1 ,  IFB 1 ,  (QNP( I ) ,  I =  1 , N P )  

+ ,(Q:BD(I),I=l,IFB),(QNPD(I),I=l,NP) 
+ ,(QIBDD(I),I=l,IFB),!QNPDD(I),I=l,NP),BUFCH 

00 300 J=l,NQNP 
QNPDD(J)=QNPDD(NQNPS+J-ll 

CALL ZMULTCD (A,QNPDD,ALl,NQNP,K2) 
CALL ZMULTCD (62,QIBDD,AL2,IFB,K2) 
CALL ZMULTCD !C2,QIB,AL3,IFB,K2) 
D O  350 J = 1 ,  IVSIZE 
A L l I J I = - A L l ( J ) - A L 2 ( J ) + A L 3 ( J I  

WRITE ( N W F I L E )  T , ( A L l ( I ) , I = l , I V S I Z E )  

I F  ( N W R I T E  .EQ. 0) GO T O  500 
I F  ( K K  . L i .  NTP .AND. NW .LT. N W R I T E )  GO TO 450 

CALL PAGEHD 
WRITE (NOT.2010) T 
NLINE=NLINE+lO 
CALL WRITE (ALl,l,IVSIZE,6tiLOADS , 1 )  
NW=O 

450 CONTINUE. 
NW=NW+ 1 

300 CONTINUE 

350 CONTINUE 
C 

C 

C 

C 

C 

C 
500 CONTINUE 

CALL TIMCHK ( 6 H L O A D S  I 

CALL TIMCHK (GHMAXMIN 1 
I F  [ M A X L  .EQ. 0 ,  GO TO 900 

REWIND tlWFILE 
READ ( N W F I L E )  I G U N N O . I D A T E , S T A R T T , E N D T , D E L T P T , I V S I Z E , N T P ,  

+ (BUFCH,I=l,101 
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C 

C 
R E A D  ( N W F I L E )  T , ( P L l ( I I , I = f , I V S I Z E )  

DO 800 I=l,IVSIZE 
A L M M ( I , l ) = A L l ( L )  
A L M M ( 1 , 2 ) = T  
A L P M I I , ~ ) = A L ~ ( I )  
ALMM(1,4i=T 

DO 840 K K = 2 , N T P  
READ ( N W F X L E )  T,(ALl(I),I=l,IVSZ%E) 

DO 840 J= l , I V S I Z E  
I F  ( A L l ( J )  .LE. A L M M I J , l ) )  GC T O  830 
A L M M ( J ,  1 )=AL1(<11 
A L M M I J , 2 ) = T  

830 IF ( A L l ( J )  .GE. ALMM(J,3)) GO T O  840 
AL M M ( J , 3 ) = A L l ( J )  

800 CONTINUE 
C 

C 

A LMM I ",4 = T 
840 CONTINUE 

C 
C A L L  PAGEHO 
W R i ? E  l N O T , 2 0 1 1 )  
NLINEZNL INE+ 10 
CALL W R I T E  (ALMM,IVS:ZE,4,6HMAXMIN,K2) 

CALL W l A P E  iALMM,IVSIZE,4,6HMAXMIP4,~2,NTAPE) 
CALL LTAPE ( N T A P E )  

C 

C A L L  71MC:iK ~ * I A X M I N ) '  
C 
900 CONTINUE 

RETURN 
939 C A L L  Z Z B O M B  ( G H Z L O A O S ,  biERROR 1 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
S 

C 
C 
C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
r= 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 

PROGRAM 
+ 

SCBRES (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUT, 
TAPE 10, TAPE30, TAPE3 1 , TAPE40, TAPE4 1 

T H I S  PROGRAM GENERATES THE NOMINAL RESPONSE OF THE 
BOOSTER WITHOUT PAYLOADS. THE OUTPUT OF T H I S  PROGRAM 
CAN THEN BE USED I N  A DIRECT OR COUPLED BASE DRIVE 
RESPONSE ANALYSIS OF A PAYLOAD. 

CREATEC JU: 6 

1 CALL START 
CALL TIMCHK (6h JEGIN)  

ORIGIN&L !5 CALL TIMCHK ( ~ H L S C B R  1 

CALL TIMCHK (6HZSCBR 1 
CALL TIMCHK ( 6 H T P R I N T )  

CALL ZSCBRES OF POOR QUALIm 

GO TO 1 
END 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* ZSCBRES * 
* * 
**********************e**************** 

SUBROCTINE ZSCBRES 

T H I S  SUBROUTINE DETERMINES THE NOMINAL BOOSTER RESPONSE TO A 
GIVEN FORCING FUNCTION. THE OUTPUT RESPONSE CAN THEN BE USED 
I N  A COUPLED OR DIRECT BASE DRIVE RESPONSE ANALYSIS FOR A 
PAY LOAD 

DEVELOPED BY TG SHANAHAN AND RC ENGELS, MAY 1982. 

COkiMENTZ 

1.  SUBROUTINE ZSCBRES I S  PART OF A COMPLETE BOOSTER/PAYLOAD 
INTEGRATION SOFTWARE PACKAGE USING A DIRECT NUMERICAL 
INTEGRATION TECHNIQUE. A OISCLlSSION OF T H I S  TECHNIQUE 
C4N BE FOUND I N  "STRUCTURAL DYIUAMICS PAYLOAD LOADS 
ESTIMATES - F I N A L  REPORT, SEPTEMBER 1982". 

2 .  SUBROUTINE ZSCBRES USES A MCDIFIED FORM OF THE NEWMARK- 
CHAN- BETA INTEGRATION SCHEME. 

3 .  THE FOLLOWING OUTPUT I S  PUT ON NWFILE: - A HEADER CONTAINING THE RUN NUMBER, DATE, STARTT, ENDT, 

- THEN FOR EACH TIME STEP: 
THE TIME,  T ,  PND BOOSTER AND INTERFACE RESPONSE, 
QNB, QNBD, ONBDD, X I B ,  X I B D ,  AND XIBDD 

- - - - - - - - 

DELTAT, NB AND I F  

4 .  SUBROUTINE ZSCBRES USES THE FOLLOWING FORMA SUBROUTINES: - PAGEHD, READ, TIMCHK, ZAA, ZABB, Z I N V 3 ,  ZMULT, ZREAD, 

5. SUbROUTINE ZSCBRES ALSO USES THE FOLLOWING SPECIAL PirRPOSE 
SUBROUTINES THAT WERE DEV3LOPED ESPECIALLY FOR T H I S  SOFTWARE 
PACKAGE : - ZMULTCD. ZMULTDD 

ZTOD, ZTRANS, ZWRKFL, ZZBOMB 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUIINE ARGUMENTS 

SUBROUTINE ZSCERES HAS NO SUBROUTINE ARGUMENTS 

F I L E  ASSUMPTIONS: - TAPE1 = WORK F I L E  REOUlRED BY ZSCBRES. NWRKFLt l .  - TAPE10 : FORMA F I L E  (FOR INPUT DATA).  NOTE THAT 
MORE THAN ONE FORMA F I L E  MAY BE NECESSARY 
I F  INPUT DATA IS RECORDED ON SEVERAL FORMA - TAPE11 SEQUENTIAL F I L E  (FOR OUTPUT DATA).  N W F I L E = l l .  

PROGRAM SCBRES (INPUT,OUTPUT,TAPES=INPUT,TAPEGtOUTPUT, 
+ TAPEl,TAPElO,TAPE111 

1 CALL START 
CALL TIMCHK (GHTBEGIN 
CALL TIMCHK (GHZSCBR 

CALL ZSCBRES 
CALL TIMCHK (GHZSCBR 
CALL TIMCHK (GHTPRINT 

GO TO 1 
END 

INPUT FORM - - - - - - - - - -  
CALLING PROGRAM MUST CALL START 

READ NWFILE,NWRKFL,NWRITE,NFORFL 
READ STARTT, ENDT, DEiTAT 
READ GAMMA, BETA 
READ NDAMPB, NF, NB, I F  
CALL ZREAD (FREQBT) 
I F  (NDAMPB .EO. 0) GO TO 1 
CALL READ (DAMPB,NRl ,NC l , l ,KB)  
GO TO 2 

1 READ ZETAB 
2 CALL ZREAD (BM1) 

CALL ZREAD (EM21 
CALL ZREAD ( B K 2 )  
CALL READ (gNBO,NR3,NC3,1 , K B )  
CALL READ (ONBDO, NR4, NC4,1,  KB 1 
CALL READ ( X I B O , N R 5 , N C 5 , 1 , K I )  
CALL READ (XIBDO,NRG,NCG, l ,KI )  

(415)  
( 3E 10.0 1 
( 2E 10. 0 1 
(415 )  

( E l O . 0 )  

BK2 = THE BOOSTER STIFFNESS MATRIX REDUCED TO THE 

BMl = THE BOQSTER COUPLING MASS M A T R I X  BETWEEK INTERFACE 

BM2 = THE BOOSTER MASS M A T R I X  REDUCED TO THE INTERFACE. 

INTERFACE. (TB)T*BK*TB.  S IZE  ( I F , I F L  

AND NON-INTERFACE DOFS. SIZE (IF,NP). 

(TB!T*MB*TB. S I Z E  ( I F , I F ) .  
BETA 0 INPUT PARAMETER FOR NEWMARK-CHAN-BETA NUMERICAL 

INTEGRATION TECHNIQUE. A GOOD VALUE I S  BETA: 0.25 
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BOOSTER V?' .L DAMPING MATRIX I N  DENSE-LOGIC. 
DIAGONAL ' T R I X  INPUT AS A ROW VECTOR. 
S I Z E  ( 1 , N t  
T IME STEP FOR INTEGRATION ROUTINE 

ROUTINE. 
TXJNCATED, CANTILEVERED BOOSTER FREQUENCY VECTOR 
I N  PARTITION-LOGIC.  S I Z E  ( 1 , N B )  
INPUT PARAMETER FOR NEWARK-CHAN-BETA NUMERICAL 
INTEGRATION TECHNIQUE. A GOOD VALUE IS GAMMAs0.5 
NUMBER OF INTERFACE DOFS. 
NUMBER OF TRUNCATED, CANTILERED BOOSTER MODES. 
0 FOR A CONSTANT VALUE OF MODAL DAMPING I N  THE 

BOOSTER MODAL DAMPING MATRIX.  
1 FOR A VARIABLE VALUE OF MODAL DAMPING I N  THE 

BOOSTER MODAL DAMPiNG MATRIX.  
(MUST INPUT DAMPB FOR NDAMPB = 1 ) .  

NUMBER OF DOFS I N  BOOSTER WHERE FORCES ARE APPLIED. 
LOGICAL F I L E  NUMBER CONTAINING THE INTERPOLATED 
FORCE DATA. T H I S  DATA IS SEQUENTIAL. 
LOGICAL F I L E  NUMBER FOR OUTPUT DATA. 
0 RESULTS ARE NOT PRINTED ON PAPER. 
1 RESULTS ARE PRINTED ON PAPER. 
LOGICAL F I L E  NUMBER FOR WORK F I L E .  
DENSE-LOGIC VECTOR OF I N I T I A L  DISCRETE DISPLACEMENTS 
OF THE INTERFACE DOFS A T  STAPTT. S I Z E  ! 1 , I F )  
DENSE-LOGIC VECTOR OF THE I N I T I A L  DICRETE VELOCIT IES 
OF THE INTERFACE DOFS AT STARTT. S I Z E  ( 1 , I F ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL 
DISPLACEMENTS OF THE BOOSTER DOFS AT THE STARTT. 
S I Z E  ( 1 , N B ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL VELOCITIES 
OF THE BOOSTER DOFS A T  STARTT. SIZE ( 1 , N B )  
VALUE OF BOOSTER MODAL DAMPING FOR ALL DOFS WHEN 
NDAMPB = 0. 

STOPPING TIME FOR THE NUMERICAL INTEGRATION 

i 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

DAMP6 

DELTAT 
END1 

F R E W T  

GAMMA 

I F  
NB 

NDAMPB 

NF 
NFORFL 

NWF 3 LE 
NWR I TE 

NWRKFL 
XIBO 

XIBDO 

ONBD 

ONBDO 

ZETAB 

COMMON /NITNOT/  NIT ,NOT 
COMMON /LSTRT4/  NLINE,NLPP 

D A i A  KB,KI /500,200/ 
DATA BUF / - l . E 5 0 /  

1 0 0 0  FORMAT ( 1 0 1 5 )  
1 1 0 0  FORMAT ( l O E 1 0 . 0 )  
2 0 0 1  FORMAT ( / / / / / , S O X , * I N P U T  PARAMETERS*,/,50X,l6(lH-),///, 

+ 48X,*NWFILE :* ,15, / ,48X,+NWRKFL f*,I5,/, 
+ 38X,*NFORFL = * , I 5 , / / ,  
+ 30X,*DATA IS WRITTEN ON PAPER EVERY * ,15 , *  T IME STEPS*', 
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2002 FORMAT (// ,48X,*STARTT =*,F10.6,/,50X,*ENDT = - ,F10 .6 , / ,  
+ 48X, *DELTA1 =*, F 10.6 1 

2003 FORMAT (//,3OX,*PARAMETERS FOR NEWARK-CHAN-BETA INTEGRATION*, 
+ * ROUTINE*, / /  ,49X, *GAMMA =*, F10 .6 ,  / ,  
+ SOX,*BETA =*,FlO.S) 

2004 FORMAT ( /30X, *VALUE OF BOOSTER MODAL DAMPING I S  CONSTAN?*, 
+ 5X,*(NDAMPB = O ) . * )  

2006 FORMAT (//30X.*NUMBER OF FORCES APPLIED TO BOCSTER =* .15 , / / ,  
+ 32X,*NUMBER OF TRUNCATED BOOSTER MODES 0 * , 1 5 , / / ,  
+ 41X,*NUMBER OF INTERFACE DOFS =*,IS) 

2 0 1 0  FORMAT (//9X,8H TIME = ,F10.6)  
2 0 1 1  FORMAT ( / / lOX, *T IME = *,FlO.G,iX,*(CONTINUED)*) 
2012 FORMAT (//5X,*BOOSTER RESPONSE (MODAL COORDINATES)*,/, + 5x , * - - - - - - -  -.------ -------------------e 

+ 
+ 13H D I S P L A C E M E N T / I , ( ~ O X , I ~ , ~ P ~ E ~ O . ~ ) )  

2 0 1 3  FORMAT (//5X,*INTERFACE KESPONSE (DISCRETE COORDINATES)*,/, + 5x,* - - - - - - - - -  - - - - - - - -  - - * - - - - - -  - - - - - - - - - - - - *  
+ //9X,* ROY*,’IX, 
+ *ACCELERATION*,9X,*VELOCIT~*,llX,*DISPLACEMENT*// 
+ , ( l O X , I 3 , 1 P 3 € 2 0 . 8 )  1 

/ /9X,4H EOW,6X, 13H ACCELERATION,8X,SH VELOCiTY, l o x ,  

9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
C 
C BEGINNING OF PROGRAM 
C ********e-******************** 
C 
C 
C 
C 

OR!$’?’”7- p.p Z”“ ‘ : 
OF POOR 6 J,-.h:r’,= 6 .  READ INPUT DATA - - - - - - - - - - - - - - - - - - -  

READ ( N I T , 1 0 0 0 )  NWFILE,NURKFL,NYRITE,NFORFL 
READ ( N I T , 1 1 0 0 )  STARTT,ENDT,DELTAT 
READ ( N I T , 1 1 0 0 )  GAMMA,BETA 
READ ( N I T , 1 0 0 0 )  NDAMPB,NF,NB,IF 

CALL PAGEHD 
WRITE (NOT,2001)  NYFILE,NWRKFL,NFORFL,NWRITE 
WRITE (NOT,2002)  STAaTT,ENDT,DELTAT 
WRITE (NOT,2003)  GAMMA,BETA 
I F  (NDAMPB .EO. 0) WRITE (NOT,2004)  
WRITE (NOT,2006)  NF,NB, IF 

CALL ZWRKFL (NWRKFL) 

C 

C 

C 
C 
C 

c.  CALCULATION OF CONSTANTS 
--c------------------------- 

CO=DELTAT*DELTAT 
Cl=GAMMA*DELTAT 
C2:BETA*CO 
C3:(1.0-GAMMAi*DELTAT 
C4:(0.5-BETP)*CO 

C 
C 
C 

D. CALCULATION OF VECTORS 0 3 ,  D5, AND - D l I N V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HDVECS 1 

CALL ZREAD (FREQ6) 
CALL ZTOD ( FREQ9, QNB, 1, NC2.1, KB 1 

I F  (NC2 .NE. NB) GO TO 999 

I F  (NDAMPB . E O .  0) GO TO 40 

CALL READ (CNBD,NRI ,NC l , l ,KB)  
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C 

2 0  
C 

C 

C 
40 

6 0  

80 
C 

C 

100 
C 
C 
C 

C 

C 
C 
C 

NE R ROR = 2 
GO TO 999 

0RIGI;tAL i 2 . i ~ ~ ;  - * .  c3 

Of POOR QiJAtiTY 
I F  (NC1 .NE. NB) 

DO 20 I = l , N B  
QNBD(I)=12.56637061*QNBD(I)*QNB(I) 
OM82 ( I 1 =39.4784176*QNB ( I *QNB ( I 1 
CONTiNUE 

GO TO 80 

READ ( N I T , 1 1 0 0 )  ZETAB 

DO 6 0  I = l , N B  
QNBD(I)=12.5663706l*ZETAB*QNB(I) 
OMB2(1)=39.4784176*QNB(I)*QNB(I) 
CONTINUE 

CONT I NUE 

DO 100 I = l , N B  
Dl(I)=-l./(l.O+Cl*QNBD(I)+C2*0MB2(I)) 
D3(1)=QNBD(I)+DELTAT*OMB2(1) 
D5 ( 1 =C3*QNBD ( I 1 +C4*OMB2 ( I 1 
CONT I NUE 

E. CALCULATION OF D2, D4, AND D6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C4LL ZREAD (BM1) 
CALL ZREAD (BM2) 
CALL ZREAD (BK2)  

CALL ZAABB ( l .O,BM2,C2,BK2,D2) 
CALL ZAA (DELTAT,BK2,D4) 
CALL ZAA (C4,BK2,D6) 

CALL TIMCHK (6HDVECS 1 

F. CALCULATION OF A1 AND A2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HA12 I 

CAL i  ZMULTDD (BMl ,D l ,NB,A2)  
CALL ZTRANS (BM1,BMlT) 
CALL ZMULT ( A 2 , B M l T , H l )  
CALL ZAABB ( l . O , H l , l . O , D 2 , A l I )  
CALL ZINV3 ( A 1 1 , A l . l )  
CAL i  ZTRANS !A2,A2T) 

CALL TIMCHK (6 i iA12 
C 
C 
C 

CALL 
CALL 
CALL 

CAL i  
CALL 
CALL 
CALL 

C 

G. CALCULATION OF I N I T I A L  ACCELERPTIONS QNBDDO 4ND XIBDDO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK ( 6 H I N I T L  1 

ZMULT ( B M l , B M I l , H 2 )  
ZAABB (-1.O,H2,1.O,BM2,H3) 
Z I N V S  (H3,H31,11  

READ (QNBO, NR3, NC3,1, KB ) 
READ (QNBDO , K24, NC4, l  , K B  1 
READ (XIBO,NRS,NC5,1 , K f )  
READ (XIBDO,W?G,NC6,1,KI)  

I F  (NC3 .NE. NB . O R .  NC4 .NE. NB) 
NERROR=3 
GO TO 999 
NERROR=4 
GO TO 999 I F  (NC5 .NE. I F  . O R .  NC6 .NE. I F )  
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C 

C 

C 

120 
C 

C 

130 
C 
C 

REWIND NFORFL 
READ (NFORFL) I R U N N O , I D A T E , S T A R ? T 2 , E N D T 2 , D E L T A T 2 , ~ 6 U F C H , I ~ l , l O ~  
READ (YFORFL) T2, (FB(1) ,I=l ,NO) ,(FI(I) ,I=l,IF) 

NERROR = 5 
IF (72 .NE STARTT) GO TO 999 
DO 120 I=l,NB 
FB( I ) =FB( I )  -QNBD( I )*QNBDD( I -OM62( I \ *QNBO( I 
CONTINUE 

CALL ZMULTCD (BK2,XIBO, XiB, IF ,KI 1 

DO 130 I= l , I F  
FI( I )=FI( I )-XIB( I )  
CONTINUE 

CALL ZMULTCD (BMl ,FB,XIBD,NB,KI) 

DO 140 I = l , I F  
XIBDD(II=FI(I)~XIBD(II 

ORtGt;:&L pR’;: 1.s 
OF POOR QGALLTY 

140 CONTINUE 
C 

C 

CALL ZMULTCD 
CALL ZMULTCD 

DO 160 I=l,NB 
QNBDDO(I)=FB( 

160 CONTINUE 

C 

H3I,XIBDD,XIBDDO,IF,KI 1 
BMl T , X I  BODO, QNBDD, I F , KB 1 

CALL TIMCHK (GHINITL 1 
- 

H .  CALCULATE NUMBER OF TIME POINTS TO BE USED 
- - - - - * - - - - - - - - - _ - _ _ _ - - - - - - - - - - - - - - - - - - . - - - - - - -  

C 
C 

NTP:(ENDT-STARTT)/DELTAT+l . l  
NW=NWR I TE 
REWIND NWF ILE 
WRITE (NWFILE) IRUNNO,IDATE,STARTT,ENDT,DELTAT,NB,IF,~BUF,I=l,lO~ 

C 
C 
C 

C 

I. RESPONSE LOOP - - - - . . - - - - - - - - - - - -  
CALL TIMCHK 

DO 500 ITP=l,NTP 

T=STARTT+FLOAT(ITP-l)*DELTAT 
READ (NFORFL) T 2 , ~ F B ( I ) , I = l , N B ) , ( F I ~ I ) , I : l , I F )  

C 
DO 220 I=l.NB 

6HRESPON 

FB( I ):FB( I j -D3( I )*QNBDO( 1 )  -OS( I )*QNBD00( 1)  -OMB2( I )*QNBO( I )  
220 CONTINUE 

C 
CALL ZMULTCD (D4,XIBDO,XIB0,IF,KI) 
CALL ZMULTCO (D6, XIBDDO , XIBDD , I F ,  K 1 )  
CALL ZMULTCD (BK2,XIBO,XIB,IF,KI) 

DO 240 I = l , I F  
F I ( I ) ~ F I ( I ~ - X I B D ( I ) - X I B D D ( I ) - X I B ( I )  

c 

240 CONTINUE 
C 
C 
C 

12. CALCULATION OF ACCELERATIONS - QNBDD AND XIBDD -----------------------------------------.--------- 
CALL ZMULTCD (A2,FB,XIB,NB,KI) 
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C 

260 
C 

C 
C 

280 
C 
C 
C 

DO 260 I=l,IF 
XIB(I)=XIB(I)+FI(I) 
CONTINUE 

CALL ZMULTCD (Al,XIB,XIBDD,IF,KI) 

CALL ZMULYCD (A2T,XIBDD,QNBDD,IF,KB) 

DO 280 I=l,NB 
QNBDD(I)=QNBDD(I)-Dl(I)*FB(I) 
CON1 I NUE 

13. CALCULATION OF QNB, QNBD, XIB, AND XIBD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DO 300 I=l,NB 
QNBD ( I =QNBDO ( I ) +C3*QNBDDO ( I 1 +C 1 *QNBDD ( I 
QNE(I)=QNBO(I)+DELTAT*QNBDO(I)+C4*QNBDDO 

300 CONTINUE 
C 

DO 320 I = l , I F  
XIBD(I)=XIBD0(I)+C3*XIBDOO(I)+C1*XIBDD(I 
XIB(I)=XIBO(I)+DELTAT*XIEDO(I)+C4*XIBDDO 

320 CONTINUE 
C - 

14. WRTTE ANSWERS ON NWFILE FOR LATER USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
C 

WRITE ( NWFILE 1 1, ( QNBO ( I 1 , I = 1 ,  NB 1 , ( XIBO ( I , I= 1 ,  I F  i , 
(XIBDO( I 1 ,  I- 1 ,  IF 1 , + 

+ (QNBDDO(I),I=l,NB), (XIBDDO(I),I=l,IF),BUF 
(QNBDO( I , I =  1 , NB 1 , 

C 
C 
C 

15. SEE IF DATA SHOULD BE PRINTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I F  (ITP .LT. NTP .AND. NW .LT. NWRITE) GO TO 400 
CALL PAGEHD 
NLINE=10 
WRITE (NOT,2010) T 
NXSI=l 
NXEItNB 
IF (NXEI .GT. (NLPP-NLINE;) NXEItNLPP-NLINE 

NLINE=NLINE+NXEI-NXSI+l 
I F  ( N E  .EQ. NXEI) GO TO 370 
CALL PAGEHD 
WRITE (NO'i ,2011) T 
NLINE.10 
NXSI=NXEI+l 
NXEI=NB 
I F  ((NXEI-NXSI) .GT. (NLPP-NLINE)) NXEI=NXSI+NLPP-NLINE 
GO TO 360 

NXSP: 1 
NXEP=IF 
I F  ((NLINE+20) .LT. NLPP) GO TO 380 
CALL PAGEHD 

380 WRITE (NOT,2011) T 
NLINE=NLINE+;O 
I F  (NXEP .GT. (NLPP-NLINE)) NXEPzNLPP-NLINE 

390 WRITE (NOT,2013) (I+NB,XIBDDO(Il,XlBDO(II,XIBO(I),I=NXSP,NXEP) 
I F  ( I F  .EO. NXEP) GO TO 395 
NXSP=NXEP+l 

, 141 

360 WRITE (NOT,2012) (I,QNBDDO(I),QNEDO(I),QNBO(I),I=NXSI~NXEI) 

C 
370 CONTINUE 



ORIGINAL PAGE IS 
OF POOR QUALITY 

NXEP=I F 
CALL PAGEHO 
WRITE (NOT,2011) T 
NLINE.10 
I F  ((NXEP-NXSP) .GT. (NLPP-NLINE)) NXEP=NYSP+NLPP-NLINE 
GO TO 390 

C 

C 
C 
C 
C 

395 NY=O 
400 NW=NW+l 

15. REASSIGN - - - - - - - - - - - - -  
DO 420 I=l,NB 
QNBO(I)=QNB(I) 
QNBDO(I)=QNBD(I) 
QNBDDO(I)=QNBDD(I) 

DO 440 I = l , I F  
XISO( I )=XIB( I )  
XIBDO(I)=XIBD(I) 
XIBDDO( I ):XIBDD( I )  

420 CONTINUE 
C 

440 CONTINUE 

500 CONTINUE 
* c  

C 

C 

C 

RETURN 

999 CONTINUE 
CALL ZZBOMB (GHZRESP ,NERROR) 

END 

CALL TIMCHK (GHRESPON) 
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PROGRAM SCRESPG (INPUT,OUTPUT,TAPE5=INPUT,TAPEG=OUTPUT, 
+ TAPE20, TAPE30 TAPE3 1 ,  ‘TAPE32, TAPE33, TAPE34, TAPE4G 

C 

C 
C 

C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 

1 CALL START 

CALL ZSCPRES 

GO TO 1 
END 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

* 
* * 

******************************* 
* ZSCPRES 

SUBROUTINE ZSCPRES 

CALL TIMCHK (GHTBEGIN) 
CALL TIMCHK (GHSCPRES) 

CALL TIMCHK (GHSCPRES) 
CALL TIMCHK (GHTPHINT) 

SUBROUTINE ZSCRES PRODI’ZES THE RESPONSE OF THE COUPLED 
BOOSTER/PAYLOAD SYSTEM USING A COMBINATION BASE DRIVE / COUPLED 
BASE DRIVE FORCING FUNCTION. 

DEVELOPED BY RC ENGELS AND TG SHANAHAN, MAY 1982. 

COMME N T S 

1 .  SUBROUTINE ZSCPRES I S  PART OF A COMPLETE BOOSTER/PAYLOAD 
INTEGRATION SDFTWARE PACKAGE USING A DIRECT NUMERICAL 
INTEGRATION TECHNIQUE. A DISCUSSION OF T H I S  TECENIQUE CAN 
CAN BE FOUND I N  “STRUCTURAL DYNAMICS PAYLOAD LOADS 
ESTIMATES - F I N A L  REPORT, SEPTEMBER 1982”. 

2 .  SUBROUTINE ZCSPRES USES A MODIFIED FORM OF THE NEWMARK- 
CHAN-BETA INTEGRATION SCHEME. 

- A HEADER - THE INTERFACE AND PAYLOAD(S1 MODAL RESPONSE DATA 

- PAGEHD, READ, READIM, TIMCHK, ZAABB, ZERO, Z I N V 3 ,  ZMULT, 
ZREAD, ZRVAD, Z S I Z E ,  ZTOD, ZTRANS, ZWRKFL, ZZBOMB, ZZERO 

SUBROUTINES THAT WERE DEVELOPED ESPECIALLY FOR T H I S  SUBROUTINE 
PACKAGE : - ZABDI ,  ZMULTCD, ZMULTDD 

- - - - - - - -  

3. THE FOLLOWING DATA I S  PUT ON NEWFILE: 

4. SUBROUTINE ZSCPRES USES THE FOLLOWING FORMA SUBROUTINES: 

5 .  SUBROUTINE ZCSPRES ALSO USES THE FOLLOWING SPECIAL PURPOSE 

SUBRFUTINE ZSCPRES HAS KO SUBROUTINE ARGUMENTS. 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

F I L E  ASSUMPTIONS: - TAPE1 WORK F I L E  REQUIRED BY ZRESP. NYRKFL.1. - TAPE10 : FORMA F I L E  (FOR INPUT DATA) .  NOTE THAT 
MORE THAN ONE FORMA F I L E  MAY BE NECESSARY 
I F  INPUT DATA IS RECORDED ON SEVERAL FORMA - TAPE11 = SEQUENTIAL F I L E  (FOR OUTPUT DATA) .  N W F I L E t l l .  

PROGRAM SCPRES (INPUT,OUTPUT,TAPES=INPUT,TAPEGtOUTPUT, 
+ TAPE 1 ,TAPE I O ,  TAPE 1 1 

1 CALL START 

CALL ZSCPRES 
CALL TIMCHK (GHSCPRES) 
CALL TIMCHK (GHTPRINT)  

GO TO 1 
END 

INPUT FORM - - - - - - - - - -  
CALLING PROGRAM MUST CALL START 

READ NWFILE,NWRKFL,NYRITE,NRESOFL 
WEAD 'STARTT,  ENDT, DELTAT 
READ GAMMA, BETA 
READ EPSILON 
READ NPAY 
READ NF, NE, I F ,  NP 
READ NDAMPB,NDAMPI,NDAMPP 
CALL ZREAD (FREOB) 
I F  (NDAMPB .EO. 0) GO TO 1 
CALL READ ( D A M P B , N R l , N C l , l , K B )  
GO TO 2 

I F  (NDAMPI .EO. 0) GO TO 3 
CALL READ (DAMPI ,NR2,NC2,1 ,K I )  
GO TO 4 

I F  (NDAMPP .EO. 0) 50 TO 5 
CALL READ (DAMPP,NR2,NC2, l ,KP)  
GO TO 6 

5 READ ZETAP 
6 CALL ZREAD (82)  

CALL ZREAD ( P 2 )  
CALL READ (QNBO, NR3, NC3,1 ,  KB 1 
CALL READ ( QNBDO, NR4, NC4,1,  KB 1 
CALL READ ( O I B O , N R S , N C S , l , K I )  
CALL READ (QIBDO,  NR6, NC6,1 ,  K I  1 
CALL READ (QNPO,NR7,NC7,1,KP) 
CALL READ (QNPDO , NR8, NC8,1 ,  KP 1 
RETURN 

1 READ ZETAB 
2 CALL ZREAD ( F R E Q I )  

3 REAG ZETA1 
4 CALL ZREAD IFREQP) 

(415 )  
(3E 10.0 1 
( 2 E  10.0 1 
(E10.0) 
(15) 
(415)  
(315) 

( E 1 0 . 0 )  

( E l O . 0 )  

( E l O . 0 )  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

82 = 

BETA = 
DAMPB = 

DAMPI = 

DAMPP = 

DELTAT = 
ENDT = 

EPSILON = 
FREQB = 
FREQI = 

FREQP = 
GAMMA = 

I F  = 
NB = 

NDAMPB = 
- - 

NDAMPI = 

NDAMPP = 
- - 

NF = 
NFORFL = 

NP = 

NWFILE = 
NWRITE = 
NWRKFL = 

P 2  = 
QIBO = 

QIBDO = 
QNBO = 

QNBDO = 

QNPO = 

- - 

THE INTERFACE/BOOSTER MASS COUPLING MATRIX I N  
PARTITION-LOGIC.  S I Z E  ( N B , I F ) .  
INPUT PARAMETER FOR NEWMARK-CHAN-BETA NUMERICAL 
INTEGRATION TECHNIQUE. A GOOD VALUE I S  BETA= 0.25 
BOOSTER MODAL DAMPING MATRIX I N  DENSE-LOGIC. 
DIAGONAL MATRIX INPUT AS A ROW VECTOR. 
S I Z E  ( 1 , N B ) .  
INTERFACE MODAL DAMPING MATRIX I N  DENSE-LOGIC. 
DIAGONAL MATRIX INPUT AS A ROW VECTOR. 
S I Z E  ( 1 , I F ) .  
PAYLOAD MODAL DAMPING MATRIX I N  DENSE-LOGIC. 
DIAGONAL MATRIX INPUT AS A ROW VECTOR. 
S I Z E  ( 1 , N P )  
T IME STEP FOR INTEGRATION ROUTINE. 
STOPPING T IME FOR THE NUMERICAL INTEGRATION 
ROUTINE . 
TRUNCATED, CANTILEVERED BOOSTER FREQUENCY VECTOR 
I N  PARTITION-LOGIC.  S I Z E  ( 1  ,NB) 
INTERFACE FREQUENCY VECTOR I N  PARTITION-LOGIC.  
S I Z E  ( 1 , I F )  
TRUNCATED, CANTILEVERED PAYLOAD FREQUENCY VECTOR 
I N  PARTITION-LOGIC,  S I Z E  ( 1  ,NP) 
INPUT PARAMETER FOR NEWARK-CHAN-BETA NUMERICAL 
INTEGRATION TECHNIQUE. A GOOD VALUE I S  GAMMA=0.5 
NUMBER OF INTERFACE DOFS. 
NUMBER OF TRUNCATED, CAEIVILERED BOOSTER MODES. 
U FOP A CONSTANT VALUE OF MODAL DAMPING I N  THE 

1 FOR A VARIABLE VALUE OF MODAL DAMPING I N  THE 
BOOSTER MODAL DAMPING MATRIX.  

BOOSTER MODAL DAMPING MATRIX.  
(MUST INPUT DAMPB FOR NDAMPB = 1 ) .  

0 FCR A CONSTANT VALUE OF MODAL DAMPING I N  THE 
INTERFACE MODAL DAMPING MATRIX.  

1 FOR A VARIABLE VALUE OF INTERFACE MODAL 
DAMPING. MUST INPUT DAMP1 WHEN N D A M P I t l .  

0 FOR A CONSTANT VALUE OF MODAL DAMPING I N  THE 
PAYLGAD MODAL DAMPING MATRIX. 

1 FOR P VARIABLE VALUE OF MODAL DAMPING. 
MUST INPUT DAMPP FOR NDAMPP = 1 .  

NUMBER OF DOFS I N  BOOSTER WHERE FORCES ARE APPLIED. 
LOGICAL F I L E  NUMBER CONTAINING THE INTERPOLATED 
FORCE DATA. Tt,;S DATA I S  SEQUENTIAL. 
TOTAL NUMBER OF TRUNCATED, CANTILEVERED PAYLOAD 
MODES. 
LOGICAL F I L E  NUMBER F3R OUTPUT DATA. 
0 RESULTS ARE NOT PRINTED ON PAPER. 
1 RESULTS ARE PRINTED ON PAPER. 
LOGICAL F I L E  NUMBER FOR WORK F I L E .  
THE PAYLOAD/INTERFACE COUPLING MASS MATRIX.  
S I Z E  ( I F , N P ) .  
DENSE-LOGIC VECTOR OF I N I T I A L  MODAL DISPLACEMENTS 
OF THE INTERFACE DOFS AT START’;. S I Z E  ( 1 , I F )  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL VELOCIT IES 
OF THE INTERFACE DOFS AT STARTT. S I Z E  ( 1 , I F ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL 
DISPLACEMENTS OF THE BOOSTER DOFS A T  THE STARTT. 
S I Z E  ( 1 , N B ) .  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL VELOCIT IES 
OF THE BOOSTER DOFS AT STARTT. S I Z E  ( 1 , N B )  
DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL 
DISPLACEMENTS OF THE PAYLOAD DOFS. S I Z E  ( 1 , N P ) .  
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C QNPDO = DENSE-LOGIC VECTOR OF THE I N I T I A L  MODAL VELOCIT IES 
C OF THE PAYLOAD DOFS AT STARTT. S I Z E  ( 1 , N P ) .  
C ZETAB = VALUE OF BOOSTER MODAL DAMPING FOR ALL DOFS WHEN 
C NDAMPB = 0. 
C ZETA1 = VALUE OF INTERFACE DAMPING FOR ALL DOFS WHEN 
C NDAMPI = O .  
C ZETAP = VALUE OF PAYLOAD MODAL DAMPING FOR ALL DOFS WHEN 
C NDAMPP = 0. 
C 
C 
C u~;c i" *A .  P!~GZ [S 
C A. DIMENSION, COMMON, DATA, FORMAT OF POCR c!JPt-.X c _- -______- - - - - - - )__-_____L_________ 

COMMON /NITNOT/ NIT ,NOT 
COMMON /LSTRT4/  N L I N E  ,NLPP 
DIMENSION D l ( 5 O O )  , D 2 ( 2 0 0 )  , D 3 ( 5 0 0 )  , D 4 ( 5 0 G )  , D 5 ( 2 0 0 )  , D 6 ( 5 0 0 )  ,D7(500) , 

+ ~ 8 ( 2 0 0 )  , D 9 ( 5 0 0 )  , 
+ F B I 5 0 0 1  , F I ( 2 0 0 )  , F P ( 5 0 0 )  , 
+ D A M P 1 ( 2 0 0 ) ,  
+ 
+ QNBO ( 500 , QNBDO ( 51 J 1 , QNBDDO ( 500 , 
+ QNBRO ( 500 , QNBRDO ( 500 , QNBRDDO ( 500 1 , 
+ QNBR ( 500 1 , QNBRD ( 500 , QNBRDD ( 500 , 
+ QNBN ( 500 ) , QNBND ( 500 , QNBNDD ( 500 , 
+ QIBO (200 1 , QIBDO( 200 1 , QIBDDO (200 , 
+ Q I B ( 2 0 0 )  ,Q IED(2CO)  , Q I B D D ( 2 3 0 )  , 
+ X I B N  ( 200 , XIBND (200 ) , XIBNDD (200 , 
+ Q I B R O ( 2 0 0 )  ,Q IBRDD(200)  , Q I B R D D 0 ( 2 0 0 )  , 
+ QIBR(200) , Q I B R D ( 2 0 0 )  , Q I B H D D ( 2 0 0 )  I 

+ Q I B N  (200 1 , QIBND( 200 1, QIBNDD( 200 1 , 
+ QNPO ( 500 1 , QNPDO ( 500 1 , QNPDDO ( 500 1 , 
+ QNP ( 500 , QNPD ( 500 , QNPDD ( 500 , 
+ OMB2(500)  , O M I 2 ( 2 0 0 )  ,OMP2(500)  , 
+ I V E C  ( 200 1 

QNB ( 500 1,  QNBD ( 500 J , QNBDD (500 1 , 

C 

c 
DE T A  rtB,K1 ,KP /500,200,500/ 
DATA BUF / - l . E 5 0 /  

1000 FORMAT (1015) 
1100 FORMAT ( 1 0 E l O . O )  
1200 FORMAT ( / / 9 X , 8 H  TIME = , F 1 0 . 6 )  
1250 FORMAT ( / / l O X , * T I M E  = *,FlO.6,4X,*(CONTINUED)*) 
1300 FORMAT ( / / 9 X , 1 5 H  APPLIED FORCES / ( l O X , l P 5 E 1 6 . 8 ) )  
1400 FORMAT ( / /5X,* INTERFACE RESPONSE (ffiODAL COORDINATES)* , / ,  + 5x,*--_------ - - - - - - - -  - - - - - - - - - - - - - - - - - - - *  

+ / / 9 X , 4 H  ROW,6X, 13H ACCELERATION,8X,SH V E L O C I T i ,  
+ / / , ( l O X , I 3 , 1 P 3 E 2 0 . 8 )  1 

1450 FORMAT ( / /SX,* INTERFACE RESPONSE (MODAL COORDINATES)* , / ,  
*J/ ,  5 x , * - - - - - - - - -  - - _ - - - - -  - - - - . - - - - - - - - - - - - - -  

+ 27X,*TOTAL*,32X,*RESIDUAL*,31X,*NOMINAL*,/, 
+ 2X,*ROW*,5X,3(*ACC*,lOX,*VEL*,1OX,*DIS*,lOX~,/, 
+ ( 2 X , I 3 , 3 (  1P3E13 .4 , *  / * )  1 )  
+ 
+ * A C C E L E R A T I O N * , 9 X , * V E L O C I T Y * , l l X , * D I S P L A C E M E N ~ ~ / /  
+ , ( l O X , I 3 , 1 P 3 E 2 0 . 8 ) )  

2001 FORMAT ( / / / / / , 5 0 X , * I N P U T  PARAMETERS*,/,50X,l6(1H-),///, 
+ 48X,*NWFILE =* ,15, / ,48X,*NWRKFL = * , I 5 , / ,  
+ 47K,*NRESOFL = * ,15 , / / ,  
+ 30X,*DATA I S  WRITTEN ON PAPER EVERY *,IS,* TIM€ STEPS*) 

+ 48X,*DELTAT = * , F 1 0 . 6 )  

+ 

1500 FORMAT ( / / 4 X , *  NON-INTERFACE RESPONSE (MODAL COORDINATES)* , / ,SX,  
13( t H - ) , l X , 8 (  1 H - ) , 2 X ,  1 9 (  1 H - )  , / /9X,*  ROW*,7X, 

2002 FORMAT ( / /  ,48X, *STARTT =* , F 10.6, / ,50K ,*ENDT =*, F 1 0 . 6 ,  / , 
146 



2 0 0 3  FORMAT ( / /  ,30X, *PARAMETERS FOR NEWMARK-CHAN-BETA i N T E G l  T ION* , 
+ * ROUTINE*, / /  ,49X,*GAMMA = * , F ! 0 . 6 ,  / ,  
+ 50X,*BETA = * , F 1 0 . 6 )  

+ 5K,*(NDAMPB = 1 ) * )  

+ SX,*(NDAMPP = 1 ) * )  

+ 32X,  *NUMBER OF TRUNCATED BOOSTER MODES =* ,15, / /  , 
+ 32X, *NUMBER OF TRUNCATED PAY LOAD MODES =* , 1 5 ,  / /  I 
+ 47X, *NUMBER OF PAYLOADS =* , I5 ) 

2004 FOFtMAT ( /30X,*VALUE OF BOOSTER MODAL I 2 M P I N G  I S  CONSTANT*, 

2005 FORMET M O X , * V A L U E  OF PAYLOAD MODAL DAMPING I S  A CONSTANT*, 

2006 FORMAT (//3OX,*NUMBER OF FORCES APPLIED TO BOOSTER =*,IS,//, 
+ *lX,*NUMBER OF INTERFACE DOFS =*,I5,//, 

3 0 0 5  FORMAT ( / / / / / ,20X,*  FOR TIME = * , F 1 2 . 4 , *  DTRECT BASE DRIVE USED*) 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
c 
C 

C 
C 
C 

C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BEGINNING OF PROGRAM 

*******************e********** ORIGINAL PAGE \5 
OF POOR QUALITY 

B. READ INPUT DATA - - - - - - -_ - - - - - - - - - - -  
READ ( N I T ,  1000) NWFILE,NWRKFL,NWRITE,NRESOFL 
READ ( N I T , 1 1 0 0 )  STARTT,ENDT,DELTAT 
READ ( N I T , 1 1 0 0 1  GAMMA,BETA 
READ ( N I T ,  1100) EPSILON 
READ ( N I T , 1 0 3 0 )  NPAY 
READ ( N I T , 1 0 0 0 )  NF,NB, IF ,NP 
READ ( N I T ,  1000) NDAMPB,NDAMPI,NDAWPP 

CALL PAGEHD 
WRITE (NOl ' , 2001)  NWFILE,NWRKFL,NRESOFL,NWRITE 
WRITE (NOT,2002)  STARfT,ENDT,DELTAT 
WRITE (NOT,2003)  GAMMA,BETA 
I F  (NDAMPB .EO. 0) Y R I T E ( N O T . 2 0 0 4 )  
I F  (NDAMPP .EQ. 0) WRITE(NOT,2005)  
WRITE ( NOT, 2006 1 NF,NB,IF,NP,NPAY 

ZALL ZWRKFL (NWRKFL! 

C. CALCULATION OF CONSTANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CO=DELTAT*DELTAT 
Cl=GAMMA*DELTAT 
C2=BETA*CO 
C3=( l . -GAMMA)*DELTAT 
C4=(0 .5 -BETA)*CC 

D.  CALCULATION OF THE VECTORS - D l I N V ,  D 4 ,  AND 07 -__--_____--___-__--____________________----  
CALL TIMCHK (GHDVECS 1 

CALL ZREAD (FREQB) 
CALL ZTOD (FREQB,QNB, 1 ,NB, 1 ,KB) 
I F  (NDAMPB .EO.  0) GO TO 1 0  
CALL READ ( Q N B D , N R l , N C l , l , K B )  

DO 20 I = l , N B  
CNBD( I) = l2 ,56637061*QNBD(  I )  *QNB( I )  
OM62(I)=39.47841~6*~NB(!)*QNB(I) 

20 CONT!NUE 
GO TO 30 

10 CONTINUE 
READ ( N I T , 1 1 0 0 )  ZETAB 
DO 40 I=l,NB 147 



QNBD ( I ) = 12.5663706 1 *ZETAB*QNB ( I 
OMB2(1)=39.4784176*QNB(I)*QNB(I) 

40 CONTINUE 
30 CONTINUE 

C 
DO 50 1=1,NB 
Dl(I)=-l./il.+CI*QNBD(I)+S2*OMB2(1~) 
D4(I)=QNBD(I)+DELTAT*OMB2(1) 
D7(I)tC3*QNBD(I)+C4*OMB2(1) 

5@ CONTINUE 
C 
C 
C 

C 
C 
C 
C 

E .  CALCUATION OF TrtE VECTORS 02, D5, AND D8 
CALL ZREAD ( F R F Q I )  
CALL LTOO ( FREQl ,QIB, 1 , I F ,  1 ,KI 1 
I F  (NDAMPI .EQ. 0) GO TO 55 
CALL READ (DAMPI,NR3,NC3,1,KI) 
DO 52 I=l,IF 
DAMPI(I)=12.56637061*DAMPI(I)*QIB(I) 
OMI2( I )=3S.47-4176*QIB( I )*QIB( I 

-I - - - 9  - - - - - - - . I  - .. --  - - - - --  .a - - -- -. -..- - - - - - - --  - - 

52 CONTINUE 
(-3 TO 58 

55 READ (NIT,1100) ZETA1 
DO 56 I= l , I F  
DAMPI ( I )  = 12.56637061*ZETAI*QfB( I 
OMI2(I):39.47841?6*QIR(I)~QIB(I 1 

DO 59 !.=l,IF 
D2(I)=l.+Cl*DAhlPI(I)+C2*OMI2~I) 
D5(1)=DAMPI(I)+DELTAT*tMI2(1) 
D8(I)=C~~DA~PI(I)+C4*0MI2(1) 

56 CONTIF'UE 
58 CONTINUE 

59 GONTINUE 

C 

C 

ORiGik'AL PAGE 1s 
OF POOR QUALITY 

C 
I F  (NDAMPP .EQ. 0) GO TO 60 
CALL READ ( QNPD, NR2, NC2,1, KP 1 

C 
DO 70 I=l,NP 
QNPD(I)=l2.5663706l*QNPD(I)*QNP(I) 
OMP2(I)t39.4784176*QNP( IJ*QNP(I) 

70 CONTINUE 
GO TO 80 

60 CONTINUE 
READ(NIT,1100) ZETAP 
DO 9C I=l,NP 
QNPD(I)=12.56€3706 * ZETAP * QNP(I) 
OMP2( I )  = >9.4784176*QNP( I )*QNP( I 

90 CONTINUE 

80 CONTINUE 

DO 100 I=l,NP 
D3( 1)z-l. / i 1 .+Cl*QNPD( I )+C2*d:OMP2( I )  1 
D6( I )  =ONPD( I )+DTLTAT*OMP21 I )  
D9 ( I 1 =C3*QNPD ( ! ) +C4*OMP2 ( J ' 

100 CONTINUE 148 



C 

C 
C 
C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C A L L  ZREAD ( B 2 i  
CALL  ZREAD ( P 2 )  

C A L L  ZMULTDD ( 5 2 , D l , N B , A 2 )  
C A L L  ZMULTDD ( P 2 , D 3 ,  NP , A S )  
CALL  ZTRANS ( B 2 , B 2 T )  
C A L L  ZTRANS ( P 2 ,  P2T  
C A L L  ZMULT ( A 2 , B 2 T , A 2 B 2 T )  
CALL  ZMULT ( A 3 , P 2 T , A 3 P 2 T )  
CALL  ZAABB ( l . , A 2 8 2 T , l . , A 3  2 T , H E  
CALL Z A B D I  ( I J ? L P 2 , D 2 , I F , A l J )  
C k L L  Z I N V 3  ( A l I , A l , l )  
CALL  ZTRANS ( A 2 , A 2 T )  
CALL  ZTRANS ( A 3 ,  A3T 

P 2  1 

C A L L  TIMCHK 1 6 H A 1 2 3  1 

H.  CALCULATION OF M P I 2  , K P 1 2 ,  AND P H I I N V = ( P H I I B ) T * B P M 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL  ZREAD ( P H I I B )  

CALL  Z S I Z E  ( P H I I B , N R I , N C I )  
I F  ( N R I  .NE. N C I  .OR. N R I  .NE. I F )  GO TO 999 

NERROR= 1 

C A L L  ZREAD ( B P M 2 )  

C A L L  ZZERO ( M P I , I F , I F )  
CALL  ZZERO ( K P I , I F , I F )  

DO 122 I = I , N P A Y  

READ ( N I T , 1 0 0 0 ;  I F P  
C A L L  ZREAD ( P M 2 )  
C A L L  ZREAD ( P K 2 )  
C A L L  READIM ( I V E C , N R P , N C P , l , K I )  

C A L L  Z S I Z E  (PM2,NRM,NCM) 
C A L L  Z S I Z E  (PK2,NRK,NCK) 

I F  (NRM .NE.  NCM .OR. NRK .NE.  NCK)  

I F  (NRM .NE.  NRK .OR. NRM .NE. I F P )  

I F  (NCP .NE 

C A L L  ZRVAD 
C A L L  ZRVAD 

122 CONTINUE 

C A L L  ZTRANS 

I F P )  

1 .0 ,  P Y 2 ,  I V E C ,  I V E C  , N U ,  NCP ,MPI  ) 
1.0, P K 2 ,  I V E C  , I V E C  , NCP , NCP , KP 1 ) 

( P H I I 8 , P H I I B T )  
CALL  ZhlULT- ( P H I I B T , M P I , h P I 2 )  
CALL  ZMULT ( P H I I B T , K P I , K P I 2 )  

C A L L  ZMULT ( P H I I B T , B P M 2 , P H I I N V )  

CHECK THE ACCURACY OF THE INVERSE 
149 

NERRORs2 
GO TO 949 
NERROR=3 
GO TO 999 
NERROR=Q 
GO T 3  999 



C 
C 
C 

C 

C 
C 
C 

C 

C 

C 

C 

CALL 
CALL 

CALL 
CALL 

CALL 
CALL 
CAlL 
CALL 

LABDI ( H E L P 5 , F I e I F e A 1 I  
ZLNV3 ( A I e A , l l  

REWIND NRESOFL 
NTP.(ENDl-STARTT)/DELlAT+~.f 
NWaNWR I TE 
NBPIF.NB+IF 

READ (NRESOFL) I R U N N O e I D A T E e S T A R T T 2 e E N D T 2 e D E L T A T 2 e ~ B ~ , I F 2 ,  
+ IBUFCH,I . l , lO)  

I F  (NB2 .NE. K B )  

I F  ( I F 2  .NE. I F )  

I F  (DELTAT .M. D E L i A T 2 )  

I F  (STARTT2 .LT .  STARTTI 

I F  (STARTT .EQ. STARTT2) GO TO 180 

DELST.STARTT2-STARTT 
NT SaDE L ST /DE L T A T  

I F  ((NTS*DELTAT) .NE. DELST) 

NERROR 8 7 
GO TO 999 
NERRORr8 
GO TO 999 
NERROR.4 
GO TO 999 
NERROR.5 
GO TO 999 
NERROR.6 

NEHROR.6 
GO TO 999 

DO 160 K81,NTS 
READ (NRESOFL) BUF , ( ( BUF e 1.1, NBPIF 1 , LIE 1 e 3 1 , BUF 

160 CONTINUE 

180 CONTINUE 
C 
C 

READ (NRESOFL 1 T O ,  (QNBN( I )  e I s  1 ,NB 1 e ( X I B N i  I I ,  I s  1 ,  I F  ) e 

+ I O N B N D ( I ) , I . l , N B ) ,  ~ X f B N O ~ I ~ e l ~ l e I f ) e  
+ ( Q N B N D D ( l I , I = l , N B ) ,  I X I B N D D i I ) , I ~ l , I F ) , B U F  

150 



C 
C 
C 

C 
C 
C 

C 

220 
C 

C 

240 
C 
C 
C 
C 
C 
C 

C 

250 
C 
C 
C 

C 

260 
C 
C 
C 

C 

280 
C 

C 

13. CALCULATE THE NOMINAL INTERFACE MODAL RESPONSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL ZMULTCD (PHIINV,XIBN,QIBN,IF,KI) 
CALL ZMULTCD (PHIINV,XIBND,QIBND,IF,KI) 
CALL ZMULTCD (PHIINV,XIBNDD,QIBNDD,IF,KI) 

DO 220 I=l.NP 
FP(I)=-FP(I)-QNPD(I)*QNPDO(I)-OMP2(I)*QNPO~I~ 
CONTINUE 

CALL ZMULI-CD (MP12,XIBNDD,FI,IF,KI) 
CALL ZMULTCD ( KP 12, XIBN, XIBNDD , IF, KI 
CALL ZMULTCD (P2,FP,QNPDD,NP,KP) 

DO 240 I= l , I F  

CONTINUE 
F I  ( I  )=-FI( I )-XIBNDD( I )-DAMP1 ( I  )*QIBND( I )-QNPDD( I )  

CALL ZMULTCD (A,FI,QIBRDDO,IF,KI) 

DO 250 I=l,IF 
QIBDDO( I )=QIBRDDO( I )+QIBNDD( I )  
QIBDO(I)=QIBND(I) 
QIBO(I)=QIBN(I) 
CONTINUE 

ISB. C A L C U L J I O N  OF BASE DRIVE BOOSTER RESPONSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL ZMULTCD (B2T,QIBRDDO,QNBRDDO,IF,KB) 

DO 260 I=l.NB 
QNBRDDO ( I 1 =-QNBRDDO ( I 1 
CONTINUE 

I5C. CALCULATION OF PAYLOAD RESPCNSE 
--------------------_______)_________ 

CALL ZMULTCD (P2T,QIBRDDO,QNPDDO,IF,KP) 

DO 280 I=l,NP 
QNPDDO ( I 1 =FP ( I 1 -QNPDDO ( I 1 
CONTINUE 

CALL TIMCHK (GHINITL 1 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

CALL TIMCHK (GHRESP 1 
C 
C J. RESPONSE LOOP 

REWIND NWFILE 
WRITE !NWFILE) IRUNN0,IDA'E STARTT,ENDT,DELTAT,IF,NP,(BUF,I=l,lO) 

. 1si 



EPS2=EPSILON*EPSILON 
IDBD=O 
IDElDPr 1 

C 

C 
DO 600 ITP:l,NTP 

READ (NRESOFL 1 T,(QNBN(I),I=l ,NB), (XIBN(1) ,I=l,IF), 
+ (QNBND ( I )  , I =  1 ,  NB 1 , (XIBND( I , I =  1 , IF , 
+ (QNBNDD ( I 1 , I =  1 ,NB 1 , 1 XIBNDD( I )  , I=  1 I IF 1 , BUF 

C 
C J 1 .  CONVERT DISCRETE NOMINAL BOOSTER RESPZNSE TO 
C NORMAL COORDINATES 

CALL ZMULTCD (?HIINV,XIBNDD,QIBNDD,IF,KI) 
CALL ZMULTCD (PHIINV,XIBND,QIBND,IF,KI) 

C 
C 
C 

C 

C 

CALCULATE THE BASE DRIVE FORCING FUNCTIONS ---_-------.------------------------------ 
CALL ZMULTCD (YP12,XIBN3D,FIIIF,KI) 
CALL ZMULTCD (KPI2,XIBN,QIBR,IF,KI) 

CALL ZMULTCD (P2T,QIBNDD,FP,IF,KP) 

DO 300 I= l , I F  
FI ( I )=-FI ( I )  -DAMPI ( I )*QIBND( I ) -QIBR( I )  

IF (IDBD .EO. 1 )  GO TO 340 

300 CONTINUE 
C 

C 
C 
C 

IF SIGNIFICANT ADD IN THE FEEDBACK TERMS TO THE FORCING TERMS -___---___)--------------.--------.-----.-------------------- 
DO 320 I=l,NB 
F ~ ( I ) ~ - D 4 ~ I ) * Q N B R D O ( I ) - D 7 ( I ~ * Q N B R D D O ~ I ~ - O H B 2 ~ I ~ * Q N B R O ~ I ~  

320 CONTINUE 
C 
C 

CALL ZMULTCD (A2,FB,QIBRDDINB,KI) 
- 

DO 322 I= l , I F  
F I ~ I ~ ~ F I ~ I ~ - D 5 ~ I ~ * Q I B R D O ~ I ) - D 8 ~ I ~ * Q I B R D D O ~ I ~ - O M I 2 ~ I ~ * Q I B R O ~ I ~  

+ 
322 CONTINUE 

+QIBRDD(I) 

C 

324 
C 
C 
C 
C 
340 

c 

350 
C 

DO 324 I=l,NP 
FP ( I )  =fP ( I )  +D6 ( I ) *QNPDO( I ) +D9( I )  *QNPDDO ( 1 )  +OMP2 ( 1 *QNPO( I )  
CONTINUE 

CALCULATE THE RESIDUAL INTERFACE ACCELERATIONS 
AND COMPARE THE SIZE WITH THE NOMINAL ACCELERATIONS -_------_.-__----_-_--------------------.----------- 

CALL ZMULTCD (A3,FP,QIBRD,NP,KI) 

DO 350 I = l , I F  
FI(I)=FI(I)-QIBRD(I) 
CONTINUE 

CALL ZMULTCD (Al,FI,QIBRDD,IF,KI) 
C 

AMAGN.0. 
AMAGR=O. 
IDBDP=IDBD 
IDBDS 1 

C 
DO 380 I= l , I F  152 



ORIGINAL PAGE is 
OF POOR QUALITY 

AMAGN=AMAGN+QIBNDD(I)*QIBNDD(I) 
AMAGR=A#AGH+QIBRDD ( I *QIBRDD ( I 

I F  (AMAGN .EQ. 0.0) GO TO 385 
IF ( ( A M A W A M A G N )  .LE. EPS2) GO TO 450 

380 CONTINUE 
C 

C 
C CALCULATE THE COUPLED BASE DRIVE RESPONSE 
C 
C 

C 

C 

(FEEDBACK IS SIGNIFICANT) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
385 IDBD=O 

CALL ZMULTCD (A2T,QIBRDD,QNBRDD,IF,KB) 
CALL ZMULTCD (A3T,QIBRDD,QNPDD,IF,KP) 

DO 390 I=l,NP 
QNPDD( I )  =QNPDD( I )+D3( I )*FP ( I )  

IF ‘IDBDP .EQ.  1 )  GO T O  420 

DO 400 I=l,NB 
QNBRDD( I )=QNBRDD( I )  -D1( I )*FB( I )  

GO TO 450 

420 DO 430 I=l,NB 
QNBRDD( I )=-Dl ( I  )*FB( I )  

430 CONTINUE 

390 CONTINUE 
?- 

C 

400 CONTINUE 
C 

C 

C 
C 
C 
C 

34. WRITE ANSWERS O N  NWFILE FOR LATER USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
450 WRIT€ (NWFILE) TO, (QIBO( I , I =  1 ,  IF 1 , (QNPO( I 1 ,  I = l  ,NP) 

+ 
+ ,(QIBDDO(I),I=l,IF), (QNPDOO(1) ,I=l,NP) ,BUF 

, (QIBDC( I ) , I= 1 ,  IF 1 ,  (QNPDO( I , I= 1 ,NP) 

C 
C 
C 

35. SEE IF DATP SHOULD BE PRINTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IF (ITP .LT. NTP .AND. NW .LT. NWRITE) GO TO 500 

CALL PAGEHD 
NLINE= 13 
WRITE (NOT,1200) TO 
NXSI=1 
NXEI = I F  
I F  (NXEI .GT. (NLPP-NLINE)) NXEIzNLPP-NLINE 

NLINE=NLINE+NXEI-NXSI+1 
IF ( I F  .EQ. NXEI) GO TO 480 
CALL PAGEHD 
WRITE (NOT,1250) TO 
NLINE=13 
NXS I = N X  I + 1 
NXEI =IF 
I F  ((NXEI-NXSI) .GT. (NLPP-NLINE)) NXEI=NXSI+NLPP-NLINE 
GO TO 470 

NXSP= 1 
NXEP=NP 
NLINE:NLINE+13 153 

CALL TIMCHK (GHWRITE ) 

470 WRITE (NOT, 1400) ( I ,QIBDDO( I )  ,QIBDO( I )  ,QIBO( I ) ,  I=NXSI , W E 1  

480 CONT?NUE 



522 
C 

524 

C 

C 
C 
C 
540 

' 2  

I F  ( ( N L I N E + l O )  .LT.  NLPP) GO TO 485 OF POOR QGk' i ' i  

CALL PAGEHD 
485 WRITE (NOT,1250)  TO 

NLINE=NLINE+lO 
I F  (NXEP .GT. ( N L P P - N L I N E ) )  NXEPzNLPP-NLINE 

490 WRITE (NOT, 1500 1 ( I+IF , QNPDDO ( I ) , QNPDO( I ) , QNPO ( I , I=NXSP , NXEP 
I F  (NP .EQ. NXEP) GO TO 495 
NXSP=NXEP+l 
NXEP=NP 
CALL PAGEHD 
WRITE (NOT,1250)  TO 
NLINE=10 
I F  ((NXEP-NXSP) .GT. (NLPP-NL INE) )  NXEP=NXSP+NLPP-NLINE 
GO TC 490 

y- n ,--J ORIGIN .?.: . 

C 
495 NY=O 

500 NY=NY+l 
CALL TIMCHK (6HWRITE ) 

C 
C 
C J6. CALCULATE VELOCITY AND DISPLACEMENT TERMS 
C 
C 

C 

C 
C 
C 

AND REASSIGN THE VALUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TO=T 

I F  ( I D B 3  .EQ. 1 )  GO TO 540 

CALCULATE COUPLED BASE DRIVE RESPONSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL TIMCHK (6HCOUPLE) 

DO 520 I = l , N B  
Q N B R O ( I ) = Q N B R O ( I ) + D E L T A T * Q N B R D O ( I ) + C 4 * Q N B R D D O ~ I ~ + C 2 * ~ N B R D D ~ I ~  
QNBRDO ( I ) =QNBRDO ( I ) +CS*QNBRDDO ( I +C 1 *QNBRDD ( I 1 
QNBRDDO(I)=QNBRDD(I) 
QNBO ( I 1 =QNBN ( I +QNBRO ( I 
QNBDO ( I 1 =QNBND ( I 1 +QNBRDO( I 1 
QNBDDO ( I =QNBNDO ( I 1 +QNBRDDO ( I 1 

520 CONTINUE 

DO 522 I = l , I F  
QIBRO(I~=QIBRO(I)+DELTAT*QIBRDD(I)+C4*QIBRDDO~I~+C2*QIBRDD~I~ 
QIBRDO( I )=QIBRDO( I )+CB*QIBRDDO( I )+Cl*QIBRDD( I )  
QIBRDDO( I )=QIBRDD( I )  
QIBO(I)=QIBO(I!+DELTAT*QIBDO(I)+C4*QIBDDO~I~ 

+ +C2*(QIBNDD(I)+QIBRDDO(I) 1 
QIBDDO(I)=QIBN~D(I)+QIBRDDO(I) 
QI BDO ( I 1 =QIBND ( I 1 +GI RRDO ( I ) 
CONT INUE 

C 

DO 524 I = l , N P  
QNPO(I)=QNPO(I)+DELTAT*QNPDO(I)+C4*QNPDDO~I~+C2*QNPDD~I~ 
QNPDO ( I ) =QNPDO ( I +C3*QNPDDO ( I 1 +C 1 *QNPDD ( I 
QNPDDO ( I ) =QNPDD ( I 1 
CONTINUE 

CALL TIMCHK (GHCOUPLE) 

GO TO 600 

CALCULATE THE DIRECT BASE DRIVE RESPONSE 

CONTINUE 
154 

CALL TIYCHK (GHDIRECT) 



C 
DO 542 I = l , N B  
Q N B O ( I ) = Q N B N ( I )  
QNBDO ( I 1 =QNBND ( I 
QNSDDO ( I 1 =QNBNDD ( I 1 

DO 544 I = l , ! F  
Q ~ B ~ ~ ~ J = Q I B O ~ I ~ + D E L T A T * Q I B D O ~ I ~ + C ~ * Q I B D D O ~ I ~ + C ~ * Q I B N D D ~ I ~  
QIBDO(I)=31BNDII) 
Q I B D D O ( I ) = Q I B N D D ( I )  

00 5 4 6  I = l , N P  
Q K P D D ( I ) = D S ( I ) * F P ( I )  
QNPO( I )=QNPO( I )+DELTAT*QNPDO( I )+C4*QNPDDO( I )+C2*QNPDD( I 
QNPDO ( I 1 =QNPDO ( I +C3*QNPDDO ( I ) +C1 *QNPDD ( I 
QNPDDO ( I 1 =QNPDD ( I 

5 4 2  CONTINUE 
C 

544 CONTINUE 
C 

546 CONTINUE 
CALL TIMCHK (GHDIRECT) 

C 
600 CONTINUE 

CALL TIMCHK (6HRESP 
C 
C K. F X I T  
c 

RETURN 
C 

C 

C 

- - - - - - - 

999 CONTINUE 

CALL ZZBOMB (6HZRESP ,NER.'3") 

END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
f 
C 

C 
c 
C 

C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* Z A B D I  * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE Z A B D I  (MA,B ,NRB,MZ)  

COMMON I L Z W R K F I  NWRK,INDWRK(lOO),MWRKSP(lO) 
COMMON I L Z 1 1  UHA(lO),INDRPA(201),INDCPA(201),SA(30,3@~ 
COMMON / L Z 2 /  MHZ~10),INDRPZ(201),INDCPZ(201),SZ(30,30~ 
D I M E N S I O N  B (  1 )  
DATA KRCPRT /30/ 

SUBROUTINE Z A B D I  ADDS A P A R T I T I O N - L O G I C  M A T R I X  ( A )  TO A DENSE- 
LOGIC COLUMN VECTOR ( B )  WHICH REPRESENTS THE ELEMENTS OF A 
DIAGONAL M A T R I X .  

ARGUMENT D E F I N I T I O N  - - - - - - - - - - - - - - - - - - -  
MA - I N P U T  P A R T I T I O N - L O G I C  M A T R I X  ( A ) .  

B - I N P U T  DENSELOGIC COLUMN VECTOR ( B ) .  ( 8 )  REPRESENTS 
THE ELEMENTS OF A DIAGONAL M A T R I X .  

NRB - NUMBER OF ELEMENTS I N  M A T R I X  (PI. 
MZ - OUTPUT P A R T I T I O N - L O G I C  M A T R I X  ( Z ) = ( A i + ( B ) .  

F I N D  P O S I T I O N  OF M A T R I X  (Z) I N  INDWRK 

I F  (MZ .GE. 1 .AND. MZ . L E .  99)  GO TO 5 
DO 2 M Z = 1 , 9 9  
I F  ( I N D W R K ( M Z + l )  .EQ.  0 )  GO TO 5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 CONTINUE 
NERROR= 1 
G3 TO 999 

READ MATRIX  ( A )  HEADER . . . . . . . . . . . . . . . . . . . . . .  
5 C A L L  READRA (NWRK,MHA,lO,MA,INDWRK,1001 

N R A = M H A ( l )  
N C A = M H A ( 2 )  
N R P A = M H A ( 3 )  
N C P A = M H A ( 4 )  
N R L A = M H A ( 5 )  
N C L A = M H & I G l  

TF (NRA . N E .  NRB .@fi. NCA . N E .  N R B l  

FORM M A T P I X  ( 2 )  HELDER . . . . . . . . . . . . . . . . . . . . . .  
DO 20 I = 1 . 6  

20 M H Z ( I i = M H A ( I )  
DO 30 1 ~ 7 . 1 0  

30 M H Z ( I ) = O  

CALL  READRP ( N W R K , I N D R P A , 2 0 l , i , M H A i 9 ) . 2 )  
CALL ZERO l I N D R P Z , 1 , 2 0 1 , 1 ~  

NERROR.2 
GO TO 999 
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DO 200 IRPA= l ,NRPA 
CALL READRA (NWRK,INDCPA,201,IRPA,INDRPA,201~ 
CALL ZERO ( I N D C P Z , 1 , 2 0 1 , 1 )  
NCSA=KRCPRT 
NEL=NCSA*KRCPRT 

DO 100 JCPA=l,NCPA 
I F  (JCPA .NE. NCPA: GO TO 35 
NCSA=NCLA 
NEL =NCSA*KRCPRT 

3 5  I F  ( I N D C P A ( J C P A + l )  .NE. 0) GO TO 40 
I F  (JCPA .NE. I R P A )  GO TO 1 0 0  
CALL ZERO (SA,NCSA,NCSA,KRCPRT) 
GO T O  6 0  

I F  (JCPA .NE. I R P A )  GO TO 90 

DO 80 I = l , N C S A  
SA(I,I)=SA(I,I)+8((IRPA-l)*KRCPRT+I) 

C 

40 CALL READRA ( N W R K , S A , N E L , J C P A , I N D C P A , 2 0 1 )  

60 CONTINUE 

80 CONTINUE 
90 CALL WRITRA ( N W R K , S A , N E L , J C P A , I N D C P Z , 2 0 1 )  

1 0 0  CONTINUE 

200 CONTINUE 
CALL W R I T R A  (NWRK,INDCPZ,20l,IRPA,INDRPZ,201) 

CALL hRITRA (NWRK,INDRPZ,201,1,MHZ(9),2) 
CbLL bRITRA (NWRK,MHZ,lO,MZ,INDWRK,lOO) 

RESTORE MASTER INDEX ON NWRK 

CALL STINDX INWRK,INDWRK,100) 
RETURN 

999 CALL ZZBOMB (6HZABDI  ,NERRW!) 

C 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'C 

C 

END 
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C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

c 
C 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* ZMULTCD * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE ZMULTCD(MA,B ,Z ,NRB,KRZ)  
COMMON /LZWRKF/ NWRK, I N D W R K ( 1 0 0 1 , M W R K S P ( l O )  
COMMON / L Z l /  MHA(lO),INDRPA(201),INDCPA(201),SA(30,3G~ 
D I M E N S I O N  B ( 1 1 , Z l l )  
DATA KRCPRT /30/ 

H Y B R I D  PARTITION-LOGIC,DENSE-LOGIC M U L T I P I C A T I O N  SUBROUTINE. 
M U L T I P L I E S  A P A R T I T I O N - L O G I C  M A T R I X  ( A I ,  WITH A CENSE-LOGIC 
COLUMN VECTOR ( 6 ) .  RESULTS I N  A DENSE-LOGIC COLUMN VECTOR ( Z ) .  
( A )  * ( 3 )  = ( Z l .  

DEVELOPED BY TG SHANAHAN. FEB,  82. 

SUBROUT I NE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
MA - I N P U T  P A R T I T I O N - L O G I C  M A T R I X  ( A ) .  

B - I N P U T  DENSE-LOGIC COLUMN VECTOR ( 6 ) .  
Z - OUTPUT DENSE-LOGIC COLUMN VECTOR ( Z )  

NRB - NUMBER OF ELEMENTS I N  ( 6 )  AND COLUMNS I N  ( A ) .  
KRZ - D I M E N S I O N  S I Z E  OF ( Z )  I N  THE C A L L I N G  PROGRAM. 

COMMON EXPLANATIONS 

/LZWRKF/ - SHOULD HAVE BEEN I N I T I A L I Z E D  W I T H  SUBROUTINE ZWRKFL. 
- - - - - - - - - - - - - - - - - - -  

DATA COMES I N  AND GOES OUT. 
/ L Z l /  - WORK SPACE. NO DATA COMES I N  OR GOES OUT. 

NERROR EXPLANATIONS . . . . . . . . . . . . . . . . . . . .  
1 = D I M E N S I O N  S I Z E  OF ( Z )  IS NOT SUFFICENTLY LARGE. 
2 = MATRICES ( A )  AND ( 6 )  ARE NOT COMPATABLE. 

READ I N  M A T R I X  ( A )  HEADER . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL  READRA ( N W R K , M H A , l O , M A , I N D W R K , l O O )  
N R A = M H A ( l )  
N C A = M H A ( 2 )  
NRPA=MHA 
NC PA =MHA 
NRLA=MHA 
NCLA=MHA 

I F  ( K R Z  

I F  (NCA 

3 )  
4r  
5 )  
6 )  

L T .  N R A I  

N E .  N R B I  

PERFORM M U L T l P I C A T I O N  . . . . . . . . . . . . . . . . . . . . .  
CALL  R E A D R A ( N W R K , : N D R P A , 2 O l , l , M H A ( 9 ~ , 2 )  
CALL ZERO( 2 ,  NRC, 1 ,  KRZ I 
DO 20 I R P L = l . N R P A  
NRSA=KRCPRT 
I F ( I R P A . E Q . N R P A J  NRSA=NRLA 158 

NERROR= 1 
GO TO 999 
NERROR =2  
GC T O  999 



CALL READRAINWRK,INDCPA,201,IRPA,INDRPA,2011 
DO 20 J C P A = l , N C P A  
I F ( I N D C P A ( d C P A + l ) . E Q . O )  GO TO 20 
NCSAsKRCPRT 
I F ( J C P A . E Q . N C P A )  NCSA=NCLA 
CALL READRA ( t l W R K , S A , K R C P R T * N C S A , J C P A , I N D C P A , 2 0 1 )  
DO 1 0  I = l , N R S A  
N R = ( I R P A - ) , * K R C P R T + I  
DO 1 0  J = l , N C S A  
N C = ( J C P A - l ) * K R C P R T + J  
Z ( N R ) = Z ( N R ) + S A ( I , J ) * B ( N C )  

1 0  CONTINUE 
20 CONTINUE 

C 
C 
C 

C 

RESTORE MASTER INDEX ON NWRK 
_ - c - - - - - - - - - - - - - - - - - - - - - - - - -  

CALL S T I Y D X  ( N W R K , I N D W R K , l O O )  

RETURN 

EN3 
999 CALL ZZBOMB(GHZMULTC,NERROR) 
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-*****************+******e********** OHIGy.;qL [:‘A’,Z 
* * OF PGQli QUALITY * ZMULTDD * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE ZMULTDC(MA,D,NCD,MZ) 
COMMON /LZWRKF/ NWRK, INDWRK(1001 ,MWRKSPI10)  
COMMON / L Z l /  MHA(10),INDRPA(201),INDCPA(201~,SA(30,30~ 
COMMON / L Z 2 /  MHZ(10),INDRPZ~201),INDCPZ(201),SZ~30,30~ 
D I M E N S I O N  D ( 1 )  
DATA K R C P R T / 3 0 /  

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C /LZWRKF/ = SHOULD HAVE BEEN I N I T I 4 L I Z E D  W I T H  SUBROUTINE ZWRKFL. 
C DATA COMES I N  AND GOES 3 U T .  
C / L Z l /  = WORK SPACE. NO DATA COMES I N  OR G O E S  OUT. 
C / L Z 2 /  = WORK SPACE. NO DATA COMES I N  OR GOES OUT. 
C 

H Y B R I D  P A R T I T I O N - L O G I C ,  DENSE-LOGIC MATRIX  M U L T J P I C A T I O N  
ROUTINE.  ( A )  * ( D )  = ( Z )  
WHERE, M A T R I X  ( A )  IS A P A R T I T I O N - L O G I C  M A T R I X ,  

M A T R I X  ( D ) . I S  A DIAGONAL MATRIX  REPRESENTED AS A DENSE 
COLUMN VECTOR, 

AND, M A T S I X  (Z) IS THE P A R T I T I O N - L O G I C  R E S U I T  OF THE 
M U L T I P I C A T I O N .  

DEVELOPED BY TG SHANAHAN, JAN 1 9 8 2 .  

SUBROUTINE ARGUMENTS 

MA = I N P U T  MATRIX  ( A )  I N  P A R T I T I O N - L O G I C .  
. . . . . . . . . . . . . . . . . . . .  

D = I N P U T  DENSE VECTOR WHICH CONTAINS THE DIAGONAL ELEMENTS 
OF DIAGONAL MATRIX  ( D ) .  

NCD = NUMBER OF ROWS AND COLUMNS I N  MATRIX ( D ) .  
MZ = OUTPUT MATRIX  ( Z )  I N  P A R T I T I O N - L O G I C .  

2 

NERROR EXPLANATIONS 

1 = NUMGER OF MATRICES ON WORK F I L E  (NWRKI EXCEEDS L I M I T .  
2 = MATRICES ( A )  ARD ( D )  ARE NOT COMPATABLE. 

- - - - - - - - - - - - - - - - - - -  

F I N D  P O S I T I O N  OF MATRIX  ( Z )  I N  INDWRK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IF(MZ.GE.i.ANJ.MZ.LE.99) GO TO 5 
DO 2 MZ=1,99 
I F ( I N D W R K ( M Z + l ) . E Q . O ~  GO T O  5 
CONT I NUE 

NE8ROR= 1 
GO T O  999 

N C A = M H A ( 2 )  
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N R P A = M H A ( 3 )  
N C P A = M H A ( 4 )  
N R L A = M H A ( 5 )  
N C L A = M H A ( G )  
I F ( N C D . E O . N C A )  GO TO 7 

N E R R O R = 2  
GO TO 999 

c: 
C 
C 

FORM I A T R I X  (Z) HEADER . . . . . . . . . . . . . . . . . . . . . .  
7 DO 1 0  I = 1 , 6  

10 M H Z ( I ) = M H A ( I )  

20 M H Z ( I ) = O  
30 20 I = 7 , 1 0  

C 
C 
C 

M U L T I P L Y  M A T R I C E S  ( A )  AND i D )  

C A L L  READRA(NWRK,IND!?PA,2Ol,l,MHA(9),2) 
C A L L  Z E R O ( I N D R P Z , 1 , 2 0 1 , 1 )  
NRSA=KRCPRT 
DO 60 I R P A = l , N R P A  
I F ( N R P A . E Q . I R P A )  NRSA=NRLA 
C A L L  READRA(NWRK,INCCPA,201,IRPA,INDRPA,201) 
C A L L  Z E R O ( I N D C P Z , 1 , 2 0 1 , 1 )  
NCSA=KRCPRT 
NEL=NCSA*KRCPRT 
DO 50 J C P A = l , N C P A  
I F  ( I N D C P A ( J C P A + l I . E Q . 3 )  GO TO 50 
I F ( J C P A . N E , N C P A )  GO TO 30 
NCSA = N C L  A 
NEL=NCSA*KRCPRT 

DO 40 J= 1 ,NCSA 
N C = ( J C P A - l ) * K R C P R T + J  
DO 40 1=1 ,NRSA 
SZ ( I ,  3 I =SA I ,  3 )*D ( IJC 1 

C A L L  W R I T R A ( N W R K , S Z , N E L , J C P A , I N D C P Z , 2 O ’ i  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 C A L L  READRA(NWRK,SA,NEL,JCPA,INDCPA,201) 

40 C O N T I N U E  

50 C O N T I N U E  
C 

C A L L  W i ? I T R A ( N W R K , I N D C P Z , 2 0 1 , I R P A , I N D R t ’ Z , 2 0 1 )  
50 C O N T I N U E  

C 
C A L L  W R I T R A ( N W R K , I N D R P Z , 2 O l , l , M H Z i 9 1 , 2 )  
C A L L  W R I T R A ( N W R K , M H Z , l O , M Z , I N D W R K , l O O ~  

C 
C 
C 

C 

C 

RESTORE MASTER I N D E X  CN NWRK . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C A L L  S T I N D X  ( N W R K , I N D W R K ,  1 0 0 )  

RETURN 

999 C A L L  ZZBOMB(BHZMULDD,NERRORJ 
END 



C 
C 
C 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C * * 
C * ZTERP * 
C * * 
C *******************************************% 
C 
C 

C 
SUBROUTINE ZTERP (MA,MAI,MB,MBII 

COMMON /LZWRKF/ N W R K , I N D W R K ( 1 0 0 ~ , M W R K S P ( l O ~  
COMMON /LZ1/ MHA(lO),INDRPA(201),INDCPA(201),SA(30,30) 
COKMON / L Z 2 /  MHA1(10),INDRPAI~201),INDCPPI(201~,SA1(30,30~ 
COMMON /L23/ MHB~10),INDRPB(201),INDCPB~201),SB~3!?,30~ 
COMMON /LZ4/ MHBI(lO),INDRPBI(201 ),INDCPBI(201),SB;~30,30) 
COMMON /LZ5/ MHV(10),INDCPSV1201),INDCPMV(2Ol),MV(2,3G) SV(840) 

D I MENS1 O N  SBOLD(SO), IPARTl(2) 

DATA KRCPRT /30/ 

C 

C 

C 
C LINEAR INTERPOLATION SUBROUTINE IN PARTITION-LOtiIC. 
C 
C DEVELOPED BY TC- SHANAHuN, JULY 1982. 
C 
C 
C 
c MA - INPUT MATRIX \ A )  CONTAININU T H E  ORIGINAL Y.-COORDINATES 
C FOR THE ROWS OF ( R ) ,  SIZE ( 1 , N T P ) .  
‘Y ? MA1 - INPUT MATRIX ( G I )  CONTArNING THE X-COOR@INATES FOR THE 
C INTEgPOLATE VALUFS. SIZE ( 1 , N T ) .  
C M B  - INPUT MATRIX (8) CONTAINING THE Y-COORDINATES T O  B? 
c T O  BE INTEPPOLATED. SIZE ( N F , N T P I .  
C MBI - OUTPUT MATRIX ( B I )  CONTAIN!NG THE IVTERFOLATED 
C Y-COORDINATES. EACH COLUMN OF I M B )  COORESPONCS T O  THE 
C COLllMN ELEMENT OF ( A I ) .  SIZE ( N F , N T ) .  
C 
s COMMON EXPLANATIJNS 
C 
C /LZWRKF/ - SHOULD HAVE BEEN INITIALIZED IN SUBROUTINE ZWRKFL. 
C DATA COMES IN AND G O E S  OUT. 
C / L Z l / ,  ILZ21, /LZ3/, LZ4/, AND /LZ5/ ARE ALL WORK SPACES. 

C 
C 
C 
C 1 = MhTRIX ( A I  IS NOT A ROW VECTOR. 
C 2 = MATRIX ( A I )  IS NOT P ROW VECTOR. 

C 4 = NUMBER OF MATRICES ON WORK FILE (NWP”l  EXCEEbS LIMIT. 
C 5 = MATRIX ( A !  IS NOT IN INCREASING OR,Id.  
C 6 = MATRIX ( A I )  IS NOT Ih INCREASING ORDER. 
C 7 = TRYING TO REPCH OUT OF RANGE OF MATRIX 16) 
C 
c NOTE - ZERO PARTITIONS OF I A )  AND ( A I !  A R E  NOT ALLOWED. 
C 
C R E A D  I N  MATRIX ( A t  HEADER c . _ - - _ - _ - - - - - - - - - - - - - - - - - - -  

SUBROUTINE A R G l ’ K N T S  - - - - - - - - - - - - - - - . - - .. .. 

- - - - - - - - - - - - - - - - - - -  

C rio D A T A  COMES I N  OR GGES OUT OF THESE COMMPN BLOCKS. 

NERRGR EXPLANATIONS - - - - - - .  - - - - - - .  - - - - -  

3 = NUMBER OF COLUMNS OF MATRIX ( A I  1s NOT EQUAL T O  THE NUMBER r- 
w 

C OF COLUMNS IN MATRIX ( 6 1 .  
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CALL REA@RA ( N W R K , M H A , l O , M A , I N D W R K , l O ~ )  
N R A = M H A i l l  
NCA=MHA(21 
NRPA=MHA(3)  
NCPA=MHA14) 
NRLA=MHA(5)  
NCLA=MHA(6)  

C 
C 
C 

C 
C 
C 

C 
C 
C 

a 

C 

C 
C 
C 

C 

I F  (NRA .NE.  1 1  

READ I N  MATRIX ( A I 1  HEADER - . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL READRA ~ N W R F . , M H A I , l O , M A I , I N D W R K l l O O )  
N R C I = M H A I ( l I  
N p A I = M H A I ( 2 )  
N R P A I = M H A I ( 3 1  
NC PA I =MHh I ( 4 1 
N R L A I = M H A I ( S )  
hCLAI=MWAI  (6 t 

I F  ( N R A I  .NE.  I I  

READ I N  MATRIX ( B I  HEADER . . . . . . . . . . . . . . . . . . . . . . . . . .  
CALL READRA (NWRK,MHB,lO,MB,INDWRK,lOC)) 
NR@=MHB( : I  
N S B = M H B ( 2 )  
NRPB=MHB(31 
NCPB=MHB(41 
NRLB=MHB(S) 
NCLB=MHB(GI 

I F  (NCA .NE.  NCB) 

NERROR= 1 
GO .O 999 

NERROR=2 
G3 TO 999 

NERROR= 3 
GO TO 999 

NERRORz4 
GO TO 999 

2C MHBI 1 1 I=NRB 
M H 6 1 ( 2 1 = N C A I  
MHBI ( 3 )  =NR?S 
MHBI ( 4 1 =NCPAI 
MHBI 5 1 =NRLB 
M H B I I G ) = N C L A I  

DO 25 I = 7 . 1 0  
MHGI I I I = O  

25 CONTINUE 

READ I N  I N G I C E S  O f  ROW P A R T i T I O N S  
* - - _ - - - - - - - - - - - - - _ - _ _ _ _ c _ _ _ _ _ _ _ _ _  

CALL READRA ( N W R K , I N D R P A , 2 0 l , l , M H A ( 9 ) , 2 1  
CPLL READRA ~ N W R K , I N D R P A I , 2 0 l . l , M H a i c a ! . 2 i  
CPLL REPORA ( N W R K , I N D R P B , 2 0 1 , ’ , ~ ~ ~ S ( 9 ) , 2 )  

CALL ZERO [ I N D R P G I  1 . ? . 0 1 , 1 ~  
CALL ZERO t I N D C P S b , l , 2 0 1 , 1 1  
CALL ZERO ! I N D C P M \ , 1 , 2 0 1 , 1 )  
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C 
C 
C 
C 

I R P A = l  
NCSA=KRCPRT 
I F  (NCPA .EQ. 1 )  NCSA=NCLA 
NELPA=KRCPRT*NCSA 

c 
CALL READRA (NWRK,INDCPA,2ki,l,INDRPA,201) 
CALL READRA (NWRK,INDCPAI,20l,t,INDRPAI,20:) 
CALL READRA (NWRK,SA,NELPA,JCPA,INDCPA,201) 

C 

DO 30 I=2,NCSA 
I F  (SA(1,I) .LE. SA(1,I-1)) 

33 CONTINUE 

NCSAI=KRCPRT 
NELPAI=KRCPRT*NCSAl 

DO 200 JCPAI=l,NCPAI 

I F  iJCPAI .NE. NCPAI) GO TO 40 
NCSAI=NCLAI 
NELPAI=NCSAI*KRCPRT 

C 
43 CALL READRA iNWRK.SAI,NELPAI,JCFAI,INDCPAI,201) 

C 

DO 45 I=2,NCSAI 
I F  (SAI(1,I) .LE SAI(1,I-1)) 

45 CONTINUE 
C 

DO 100 JAI=l,NCSAI 
C 

C 
50 I F  (SA(1,JA) .GT. SAI(1,JAIli GO TO 70 

J A = J A +  1 
I F  ( J A  .LE. NCSA) GO TO 50 

C 
I F  (JCPA .GE. NCPAl GO TO 60 
J A =  1 
JCPA=JCPA+l 
SAOLD=SA(l,NCSA) 

C 
I F  (JCPC hlE. NCPA: GO TO 55 
NCSA=NCLA 
NE PA=NCSA*KRCPRT 

55 CALL READKA ( N W R K , S A , N E L ~ A , J C P A , I N D C P A , 2 0 1 ~  
C 

C 

C 

DO 52 1=2,NCSP 
I F  !SAll,I) . L E .  SA(l,I-lll 

I F  (SAtl.11 .LE. SAOLD) 
52 CONTINUE 

GO TO 50 

NERROR=5 

GO TO 999 

NEftROR=6 

GO TO 999 

hERROR=5 

GC T O  999 

GO TO 999 

60 M V i  1 ,  J A I  l=NCPA 
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[S 
M V 1 2 , J A I ) = N C L A  
J A = N C L A  
IF ( N C L A  .EQ. 1 )  GO T O  80 OF POOR QUALITY 
GO T O  90 

70 MV ( l , J A I ) = J C P A  
M V 1 2 , J A I I = J A  
I F  ( J A  .NE. 1 )  GO T O  90 

IF ( J C P A  . E Q .  1 )  GO T O  85 

G ~ : L ~ ~ ~ : A L  j;&c 

C 

C 

C 
80 SV(JAI)=(SAI(I,JAI)-SAOLD)/(SA(I,"AI-SAOLD) 

GO TO 100 

M V ( 2 , 3 A I I = 2  

C 
85 J A = 2  

C 

C 

C 

90 SV13AI ) = ( S A I ( l , J A I ) - S A ( l , J A - l )  ) / ( S A ( l , J A ) - S A ( l , J A - l )  1 

100 CO N T I N U E  

C A L L  WRITRA (NWRK,MV,2*NCSAI,JCPAI,INDCPMV,201~ 
C A L L  WRITRA (NWRK,SV,NCSAI,JCPAI,INDCPSV,2Gl~ 

C 
200 CO N T I N U E  

C 
C 
C INTERPOLATE THE DATA c . . . . . . . . . . . . . . . . . . . .  

C E L L  READRA ( N W R K , I P ARTl.l,l,INDCPMV,201~ 
I F  ( I P A R T l ( 2 )  . E Q .  1 )  I P A R T l ( l ) = I P A R T l ( l l - l  

NR S B = K R C P R i- 

DO 400 IR P S = l , N R P G  

IF ( I R P B  .EO. NRPBi N R S B = N R L B  

C A L L  READRA ~ N V 4 K , I N D C P B . 2 0 l , i R P B , I N D R P B . 2 0 1 )  

J C P B = I P A R T l ( l )  
N C S B = K R C P R T  
I F  ( N C P B  .EO. I P A R T 1 1 1 ) )  N C S B = N C L B  
NELPB=NCSB*KRCPRT 

I F  ' I N D C P B ( J C P B + l )  . N E .  0 )  GO T O  205 
C A L L  Z E R O  !SB,NRSB.NCSB.KRCPRTi 
GO T O  20? 

C 
r 
bd 

C 

C 

C 

C 

C 

C 
205 C A L L  READRA i N W R K , S B ,NELPB,JCPB,INDCPB.201~ 

207 NC S V = K R C P R T  
NELPBI=NCSV*KRCPRT 
C A L L  Z E R O  ( I N D C P 6 ! , 1 . 2 0 1 . 1 ~  

DO 350 J C P V = l , N C P A I  

I F  ( J C P V  . N t .  NCPAII GO T O  210 

NC S V = N C L A I  
NELPBI=NCSV*KRCPRT 

C 

c 
C 
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. ,...-re- 210 CALL READRA (NYRK,SV,NCSV,JCPV,INDCPSV,201) QK:;::.,: .*- ; . - , =, 
CALL READRA (NWRK,MV,2*NCSV,JCPV,INDCPMVv2ul) OF POOR qtiAU1-Y 

C 

C 

C 

DO 3 0 0  J = l , N C S V  

215 iF ( M V ( 1 , J )  .EQ. JCPB) GO TO 260 

DO 220 I = l . N R S B  
S B O i D I I ) = S B ( I , N C S B )  

JCPB=JCPB+l 

220 CONTINUE 
C 

I F ( J C P B  .GT. NCPBI 

I F  ( JCPB .NE. NCPR) GO TO 230 
NCSB=NCLB 
NELPB=NCSB*KRCPRT 

CALL ZERO (SB,NRSB,NCSB,KRCPRTI 
GO TO 215 

GO TO 2 1 5  

C 

C 
230 I F  ( I N D C P B t J C P B + l )  .NE. 0) GO TO 240 

C 

c *  
C 

C 

C 

240 CALL READRA (NYRK.SB,NELPB,JCPB,INDCPB.201) 

260 L V = M V ( 2 . J I  

I F  (LV . E Q .  1 )  GO TO 285 

L V l = L V -  1 

DO 280 I = l , N R S B  
S B I t I , ~ ~ ~ S B ~ I , t V 1 ~ + ~ S B I I . L V ~ - S B ~ I , L V l ~  I * S V ( J I  

GO TO 300 

SBI(I,J~=SBOLD(II+ISBtI,LV)-SBOLD(I) ) *  1 

2 8 0  CONTINUE 
C 

c 
285 DO 290 I = I . N R S B  

290 CONTINUE 

300 CONTIKUE 
C 

C 

C 

C 

C 

C 

CALL W R I T R A  ~ N W R ~ . S B I . N E L P B I , J C P V . I N D C P B I . 2 0 r ,  

350 CONTINUE 

CALL W f i I T R A  lNWRK. INDCPBI .201 , IRPB.  I N D R P 6 1 , 2 0 1 )  

400 CONTINUE 

CALL W R I T R A  ~ N W H K . I N @ R P B I . 2 0 1 . 1 , M H B ~ ~ ~ ~ , 2 )  
CALL W R I T R A  ~ N W R K . M H 6 I , ~ O . M 6 I . I N D W R K , l O O ~  

C 
C RESTORE MASTER INDEX ON NWRK c . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL STINDX (NWRK.INDWRK.1001 
RETL'RN 

990 CALL ZZBOMFG (GHZTERP .NERROR1 

NERROR =7 
GO TO 999 
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C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

* c  
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
i 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

r 
b 

: I *  
-re... *. . , T _I . __ ci,A.:, ..-. .. ; . .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * OF PCOR Qt:,;:-i-i y 
* ZTERP 1 * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE Z T E R P l  ( M A , M B , S T A R T T , E N D T , D E L T A T , N T A P E )  

COMMON / L S T A R T /  IRUNNO,IDATE,NPAGE,UNAME(3),Tl(l2),T2(12~ 
COMMON /LZWRKF/ NWRK,INDWRK(lOO),MWRKSP(lO) 
COMMON / L Z l /  MHA~l01,INDRPA~20l),INDCPA~201),SA~900) 
COMMON / L Z 2 /  MHB(10),INDRPB~201),INDCPB~201),SB~30,30~ 
COMMON /LWORKl /  2 ( 6 0 0 1 , D B ( 3 1 , 6 0 0 )  

DATA KRCPRT,KCDG /30,600/ 
DATA BU F / - 1  . €SO/  

L I N E A R  I N T E R P O L A T I O N  SUBROUTINE I N  P A R T I T I O N  L O G I C .  
INTERPOLATES M A T R I X  ( M B I  TO EVENLY SPACED P O I N T S .  
THE INTERPOLATED ANSWERS FOR EACH NEW X-COORDINATE 
ARE V R I T T E N  ON NTAPE SEQUENTIALLY ALONG W I T H  THE NEW 
X-COORDINATE. I N T E R P O L A T I O N  SCHEME INVOLVES D I S A S S E M B L I N G  
A ROW P A R T I T I O N  OF M A T R I X  ( M B )  AND CONVERTING T H I S  TO DENSE- 
L O G I C .  I T  I S  THEREFORE S I Z E  L I M I T E D  TO THE COLUMN D I M E N S I O N  
S I Z E  OF ( D B )  I N  COMMON BLOCK / L W O R K l / .  WHICH IS K C D B = 6 0 0 .  
NOTE THAT T H I S  I S  NOT A PURE P A R T I T I O N - L O G I C  SUSROUTINE 
AND I T S  SPACE REQUIREMENTS ARE LARGER THAN A P A R T I T I O N - L O G I C  
SUBROUTINE. 

SUBROUTINE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
MA - 

MB - 

START? - 
DELTAT - 

ENDT - 
NTAPE - 

COMMON 

I N P U T  M A T R I X  ( A )  OF X-COORDINATES FOR THE ROWS OF 
M A T R I X  ( 6 ) .  S I Z E  ( N R A I .  
I N P U T  M A T ? I X  ( 6 )  3F Y-COORDINATES TO BE INTERPOLATED.  
S I Z E  ( N R A , N C A ) .  NCA I I S  THE NUMBER OF D I F F E R E N T  Y 
VECTORS TO BE INTEhPOLATED.  
STARTING P O I N T  OF X-COORDINATES THAT M A T R I X  ( 8 )  IS 
JTERPOLATED TO. 
INCREMENT OF X-COORDINATE. 
LAST X-COORDINATE FOR I N T E R P O L A T I O N  OF M A T R I X  ( 6 1 .  
NUMBER OF S E Q i l E N T I A L  TAPE ON WHICH iNTERPOLATED PNSWERS 
ARE WRITTEN.  NTAPE ALSO iNCLI IDES A HEADER. 

EXPLANATIONS - - - - - - - - - - - - - - - - - - -  
I L Z S T A R T I  - SHOULD HAVE BEEN I N I T I A L I Z E D  I N  SUBROUTINE START. 

DATA COMES I N  ONLY. 

DATA COMES I N  AND GOES OLIT. 
/LZWRKF/ - SHOULD HAVE BEEN I N I T I A L I Z E D  I N  SUBROUTINE ZWRKFL. 

! L Z l , /  - WORK SPACE. NO DATA COMES I N  OR GOES OUT. 
/ L Z 2 /  - WORK SPACE. NO DATA COMES I N  OH GOES OUT. 

/ L W O R K l /  - WORK SPACE. NO DATA COMES IY OR GOES OUT. 

NERROR EXPLANATIONS - - - - - - - - - - - - - - - - - - -  
1 : MATRIX  I A )  I S  NOT A COLUMN VECTOR 
2 = MATRICES ( A i  AND 1 8 ,  DO NOT HAVE THE SAME ROW S I Z E .  
3 : COLUMh S I Z E  OF I 6 1  - THE NUMBER 3F VECTORS T3 PF 

INTERPOLATED - I S  GREATER THAN KCNG. O R I G I N A L  K C N b = 6 0 0 .  
MORE VECTORS CAN BE USED BY R E D I M E N S I O N I N G  THE COLUMN S I Z E  
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C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 
C 
C 

C 
C 

OF M A T R I X  ( D B )  AND CHANGING THE VALUE OF KCNB TO T H I S  NEW 
S I Z E .  

FORM M A T R I X  ( A )  HEADER . . . . . . . . . . . . . . . . . . . . . .  
C A L L  READRA (NWRK,MHA,lO,MA,INDWRK,201) 
N R A = M H A ( l )  
N C A = M H A ( 2 )  
N R P A = M H A ( 3 )  
N C P A = M H A ( 4 )  
NRLA+=MHA ( 5 ) 
NCLA=MHA(G) 

I F  (NCA .NE.  1 )  

FORM M A T R I X  (6) HEADER 
----------I----------- 

C A L L  READRA (NWRK,MHB,lO,MB,IWDWRK,201) 
N R B = M H B ( l )  
N C B = M H B ( 2 )  
NRPB=MHB(3)  
NCPB=MHB(4)  
N R L B = M H B ( 5 )  
NCLB=MHB(G) 

* 

I F ( N R A  .NE.  NRB)  

I F  ( N C B  .GT.  KCDB) 

NERROR= 1 
GO TO 999 

NERROR=2 
GO TO 999 

NERROR = 3 
GO TO 999 

T=STARTT 
STOPT=ENDT+DELTAT 
N T P = ( S T O P T - S T A R T T ) / D E L T A T  

REWIND NTAPE 
WRITE ( N T A P E )  I R U N N O , I D A T E , S T A R T T , E N D T , D E L T A T , N C B , N T P . ( B U F , I = l , ~ O !  

C A L L  READRA (NWi?K,INDRPA,201,1,MHA(91,2) 
C A L L  READRA (NWRK,INDRPB,201,1,MHB(9),2) 

I R P A = l  
NRSn=KRCPRT 

READ I V  A ROW P A R T I T I O N  OF MATRICES ( A )  AND ( B )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
20 I ' ( I R P A  .EO.  NRFA, NRSArNRLA 

C A L L  READRA (NWRK,INDCPA,201,IRPA,INDRPA,201) 
C A L L  READRA (NWRK,SA(2),NRSA,l,INDCPA,201l 
C A L L  READRA (NWRK.INDCPB,201,:RPA,INDRPB,201) 
NCSB=KRCPRT 
NEL=NCSB*KRCPRT 
DO 60 J C P B = l  .NCPB 
I F  ( J C P B . N E . N C P B )  GO TO30  
NCSB=NCLB 
NEL=NCSB*KRCPRT 

C A L L  ZERO (SB,NRSA,NCSB.KRCPRT,KRCPRT) 
GO TO 50 

40 C A L L  READRP ~NWRK,SB,NEL,JC?B,INDCPB,201) 

30 I F  I I N D C P B ( J C P B + l )  . N E .  0 )  GO TO 40 

ASSEMBLE T H I S  P A R T I T I O N  OF I B I  I N T O  ( D B l  
168 



50 DO 60 J = l , N C S B  
N C = ( J C P B - l ) * K R C P R T + J  
DO 60 I = l , N R S A  
D B ( I + l , N C ) = S B ( I , d )  

60 CONTINUE 
C 
C 
C 

F I N D  T I M E  P O I N T S  TO INTERPOLATE BETWEEN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I= 1 

I = I + 1  
IF ( I  . L E .  NRSA) GO TO 80 
I F  ( I R P A  .EQ. NRPA) GO TO 200 . 

80 I F  ( T  . L E .  S A ( I + l ) )  GO TO 100 

C 
C WRITE THE LAST ROW ( D B )  I N T O  THE F I R S T  ROW 
C 
C 

FOR INTERPOLATION BETWEEN ROW P A R T I T I O N S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S A ( l ) = S A ( N R S A + l )  
DO 90 3=1,NCB 
D B ( l , d ) = D B ( N R S A + l , J )  

90 CONTINUE 
C 

I R P A = I R PA+ i 
GO TO 20 

c 
c 
C 
C 

100 I F  ( I  . E Q .  1 .AND. I R P A  .EQ.  1 )  GO TO 140 

NORMAL INTERPOLATION . . . . . . . . . . . . . . . . . . . .  
DELT=(T-SA(I))/(SA(I+l)-SA(I)! 
DO 120 d = l , N C a  
Z(31=DB(I,J)+DELT*(DB(I+l,~)-DB!I,d) 1 

GO TO 180 
120 CONT I N U E  

C 
C 
C 

EXTRAPOLATION PRCEEDING DATA P O I N T S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 0  D E L T = ( T - S A ( 2 ) ) / ( S A 1 3 ) - S A ( 2 ) )  

DO 160 J = l , N C B  
Z ( J ) = D B ( 2 , J ) + D E L T * ( D B ( 3 , J ) - D B ( 2 , J ) I  

1 6 0  CONTINUE 
C 
C 
C 

C 
C 
C 

WRITE T I M E  AND INTERPOLATED VALUES ONTO NTAPE SEQUENTIALLY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - . . - - - - - - - - - - - - - - -  

18C WRITE I N T A P E )  T , ( Z ( J I . J = l , N C B ) , B U F  

CHECK TO SEE I F  NEXT T I M E  POINT IS REQUIRED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T=T+DELThT 
I F  ( T  . C E . S T O P T )  GO 70 80 
E N O F I L E  NTAPE 
RETURN 

C 
C 
C 

E X T R A P 3 I A T i O N  AFTER DATA P O I N T S  

200 D E L T = ( T - S A ( N R S A I  ) / r S A i N R S A + l i - S A ( N R S A )  1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DO 220 J = l  ,NCB 
iiJI=DB(NRSA,JI+DELT*(DB[NRSA+l,,J)-DB1NRSA,d)' 

220 CONTINUE 
C 
C WRITE EXTRAPOLATED VALUES ONTO NTAPE 

l ' ,  
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ORiGliVAE 
OF POOR 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* ZTOSEQ2 * 
* * 
* * * * * U * * * X * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * *  

SUBROUTINE ZTOSEQ2 (MA,MB,NTAPE) 

COMMON /LSTART/  IRUNNO,IDATE,NPAGE,UNAME(3) , T 1 ( 1 2 )  , T 2 i  1 2 )  
COMMON /LZWRKF/ NWRK,INDWRK(lOO),MWRKSP(lO) 
COMMON / L Z l /  M H A ( 1 0 ~ , 1 N D R P A ( 2 0 1 ) , 1 N D C P A ( 2 0 1 ) , S A ( 9 0 0 ~  
COMMON / L Z 2 /  MHBllO),INDRPB(201),INDCPB(201),SB(30,30~ 
COMMON /LWORKl /  DA(600),DB(600,3O),FILLER(600) 

DATA KC /600/ 
DATA KRCPRT /30/ 
DATA BUF / -  1. E 5 0 /  

T H I S  SUBROUTINE TAKES TO MATRICES,  MATCHES AN ELEMENT FROM 
COLUMN VECTOR ( A )  WITH A ROW OF M A T R I X  ( B )  AND WRITES THESE 
ELEMENTS OUT SEQUENTIALLY.  T H I S  SUBROUTINE OPERATES BY 
D I S A S S E M B L I N G  OUT A ROW P A R T I T I O N  OF MATRIX  ( 8 )  AND CONVERTING 
I T  TO A DENSE-LOGIC M A T R I X .  I T  IS THEREFORE L I M I T E D  T O  HANDLING 
MATRICES THAT HAVE A COLUMN D I M E N S I O N  S I Z E  SMALLER THAN THE 
D I M E N S I O N  OF ( D B )  WHICH WAS O R I G I N A L L Y  600. 

DEVELOPED BY TG SHANAHAN, JULY 1982. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE ARGUMENTS . . . . . . . . . . . . . . . . . . . .  
MA = INPUT COLUMN MATRIX  ( A )  G I V I N G  THE X-COORDINATES THAT 

MB = INPUT M A T R I X  ( B )  C O N T A I N I N G  THE Y-COORDINATES FOR 

NTAPE = INPUT LOGICAL U N I T  NUMBER OF THE SEQUENTIAL  TAPE THAT 

CORRESPOND TO THE ROWS OF MATRIX  ( 8 ) .  S I Z E  ( N T P . 1 ) .  

EACH X-COORDINATE I N  M A T R I X  ( A ) .  S I Z E  ( N T P , N F ) .  

THE DATA CONTAINED I N  MATRICES ( A )  AND ( 6 )  I S  TO BE 
WRITTEN . 

COMMON EXPLANATIONS 

I L S T A R T I  - SHOULD HAVE BEEN I N I T I A L I Z E D  I N  SUBROUTINE START. 

/LZWRKF/ - SHOULD HAVE BEEN I N I T I A L I Z E D  I N  SUBROUTINE ZWRKFL. 

- - - - - - - - - - - - - - - - - - -  

DATA COMES I N .  

LATA COMES I N .  
/ L Z l /  - WORK SPACE. NO DATA COMES I N  OR GOES OUT. 
/ L Z 2 /  - WORK SPACE. NO DATA COMES I N  OR GOES OUT. 

!LWORKl/ - kORK SPACE. NO DATA COMES I N  OR GOES OUT. 

NERROR EXPLANATIONS 

1 = MATRIX  ( A )  I S  NOT A COLUMN VECTOR. 
2 = NUMBER OF ROWS I N  MATRIX ( A )  IS NOT EQUAL T i l  THE NUMBER OF 

3 = COLUMN S I Z E  OF MATRIX ( 8 1  I S  TOO LARGE FOR T H I S  PROGRAM. 

- - - - - - - - - - - - - - - - - - -  

ROWS I N  M A T R I X  ( 6 ) .  

NOTE - ZERO P A R T I T I O N S  ARE NOT ALLOWED I N  MATRIX  ( A ) .  
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C 
C READ IN M A T R I X  ( A )  HEADER c . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  READRA (NWRK,MHA,lO,MA,INDVRK,lOO) 
N R A = M H A ( l )  
N C A = M H A ( 2 )  
N R P A = M H A ( 3 )  
N C P A = M H A ( 4 )  
N R L A = M H A ( 5 )  
NCPA=MHA(G) 

NERROR= 1 
GO TO 999 I F  (NCA .NE. 1 )  

C 
C READ I N  M A T R I X  ( 6 )  HEADER c . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  READRA (NWRK,MHB,lO,MB,INDWRK,lOO) 
N R B = M H B ( l )  
N C B = M H B ( 2 )  
N R P B = M H B ( 3 )  
NCPB=MHB(4)  
N R L B = M H B ( 5 )  
NCLB=MHB(G)  

NERROR=2 
I F  (NRB .NE. NRA)  GO TO 999 

NERROR=3 
I F  (NCB . G T .  K C )  . GO TO 999 

C 
C READ I N  THE I N D I C E S  OF THE ROW P A R T I T I O N S  OF THE TWO MATRICES c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  READRA ( N W R K , I N D R P A , 2 0 1 , 1 , M H A i 9 ) . 2 )  
C A L L  READRA (NWRK,INDRPB,201,1,MHB(9),21 

C 
C FORM THE HEADER FOR NTAPE c . . . . . . . . . . . . . . . . . . . . . . . . .  

C A L L  READRA (NWRK,INDCPA,201,l,INDRPA,201) 
C A L L  READRA (NWRK,AFIRST,l,l,INDCPA,201) 
C A L L  READRA (NWRK,INDCPA,2Ol,NRPA,INDRPA,201) 
C A L L  READRA (NWRK,SA,NRLA,l,INDCPA,201) 
A L A S T = S A ( N R L A )  
A D E L T A = ( A L A S T - A F I R S T ) / ( N R A - l )  

REWIND NTAPE 
WRITE ( N T A P E )  I R U N N O , I D A T E , A F I R S T , A L A S T , a D E L T A , N C B , N R A ,  

C 

+ ( B U F , I = l , l O I  
C 
C WRITE DATA OUT ONTO NTAPE c . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C 

C 

NRSA=KRCPRT 

DO 100 I R P A = l , N R P A  

I F  ( I R P A  .EQ.  N R P A l  NRSA=NRLA 

C A L L  READRA INWRK,INDCPA,20l,IRPA,INDRPA,201) 
C A L L  READRA (NWRK,SA,NRSA,l,INDCPA,201) 

C A L L  READRA ~ N W R K , I N D C P B 1 2 0 1 , 1 R P A , I N D R P 6 , 2 0 ~ i  
C 

C 
NCSB=KRCPRT 
NELPB=NCSS*KRCPI?T 

DO 50 J C P B = l I N C P 6  
C 
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C 

C 

C 

C 

C 

C 

13 

26 

25 

45 

50 

80 

100 

IF ( I N D C P B ( J C P B + l )  .NE. 0 )  GO TO 20 
C A L L  Z E R O  i S B , K R C P R T , N C S B , K R C P R T )  
GO TO 25 

C A L L  READRA (NWRK,SB,NELPB,dCPB,INDCPB,201) 

JPOS=(JCPB-l)*KRCPRT 
DO 45 I= l , N R S A  
DO 45 J = l , N C S B  
D B ( J P O S + J , I ) = S B ( I , J )  
C O N T I N U E  

C O N T I N U E  

DO 80 I = l , N R S A  
W R I T E  ( N T A P E )  S A ( I ) , ( D e (J,I),J=l,NCB),BUF 
C O N T I N U E  

C O N T I N U E  
C 

R E T U R N  
C 
999 C A L L  ZZBOMR ( G H Z T O S E 2 , N E R R O R )  

C 
E N D  
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* ZTOSEQ3 * 
* * OF Q~~~ 

* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 

SUBROUTINE ZTOSEQ3 (MA,MB,NTAPE'  

COMMON / L S T A R T /  IRUNNO, I D A T E ,  NPAGE, UNAME ( 3 ) T I T L E  1 ( 1 2  ) , T I T L E 2  i 12 i 
COMMON /LZWRKF/ NWRK,INDWRK(lOO),MWRKSP(lO) 
COMMON / L Z l /  MHA( 101, I N D R P A ( 2 0 1 ) ,  I N D C P A ( 2 0 1 )  ,SA(900)  
COMMON / L Z 2 /  MHB(101,INDRPB(201),INDCPB(2Ol~,SB(30,30~ 
COMMON / L Z 3 /  M H Z ( 1 0 ) , 1 N D C P Z ( 2 0 1 ) , 1 N D R Z ( 2 0 1 ) , 2 ( 9 0 0 )  
COMMON / L W O R K l /  Z A ( 6 0 0 0 ) , F I L L E R ( 1 3 2 0 0 ~  

DATA KRCPRT /30/ 
DATA BU F / -  1 .  E 5 0 /  

T H I S  SUBROUTINE MATCHES AN ELEMENT OF COLUMN VECTOR ( A )  AND 
A ROW OF M A T R I X  ( B )  AND WRITES THEM OUT TOGETHER SEQUENTIALLY 
ON NTAPE. 

THE FORM OF NTAPE IS AS FOLLOWS : 
HEADER - C O N T A I N I N G  RLINNO, DATE,  ETC.  
THE DATA - A ( 1 ) ,  B ( l , l ) ,  B ( 1 , 2 ) ,  B ( 1 , 3 )  , . . . . l B ( l , N C B ! ,  

A ( 2 1 ,  B ( 2 , 1 ) ,  B ( 2 , 2 l I  B ( 2 , 3 )  , . . . . ,  B ( 2 , N C B ) ,  
- 1  1 I ) . . . . ,  * ,  

e . . ,  

A c N R A )  : B ( N R A ,  1 )  : B ( N R A , 2 1  : B ( N R A , 3 ) ,  . . . . , B ( N R A , N C B )  

DEVELgPED B Y  TG SHANAHAN, JULY 1982. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUBROUTINE ARGUMENTS 

?A = I N P U T  MATRIX  ( A )  WHICH C0NTA;~:S ThE X - C O U t U l N A T E S  THAT 
CORRESPOND TO THE ROWS OF Y-COORDINATES I N  MATRIX  (8). 
S I Z E  ( N R A , l ) .  

EACH ROW OF M A T R I X  ( 6 )  CORRESPONDS TO AN ELEMEhT OF 
M A T R I X  ( A ) .  S I Z E  ( N R A , N C B ) .  

NTAPE = I N P U T  LOGICAL U N I T  NUMBER TO WHICH THE DATA W I L L  BE 
WRi TTEN . 

. . . . . . . . . . . . . . . . . . . .  

MB = I N P U T  MATRIX  ( 6 )  WHICH CONTAINS THE Y-COORDINATES. 

COMMON EXPLANATIONS - - - - - - - - - - - - - - - - - - -  
/ L S T A R T /  SHOULD HAVE BEEN I N I T I A L I Z E D  I N  SUBROUTINE START. 

/LZWRKF/ S:iOULD HAVE DEEN I N I T I A L I Z E D  I N  SUBROUTiNE ZWRKFL 
DATA COMES !N ONLY. 

DATA COMES I N  ONLY. 
/ L Z l /  WORK SPACE. DATA CL'MES I N  AND GOES OUT. 
/ L Z 2 /  WORK SPACE. DATA COMES I N  AND GOES OUT. 
/ L Z 3 /  WORK SPACE. DATA COMES !N AND GOES OUT. 

NERROR EXPLANATIONS - - - - - - - - - - - - - - - - - - -  
1 = MATRIX  ( A )  IS NOT A COLUMN VECTOR. 
2 : NUMBER OF ROWS OF MATRIX  ( A i  DOES NOT EQUAL TVE NUMBER 

OF ROWS OF M A T R I X  I B I .  
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C 

C 
c 

NOTE - ZERO P A R T I T I O N S  OF M A T R R I X  ( A I  ARE NOT ALLOWED 

READ I N  M A T R I X  ( A )  HEADER - - - - - - - - - - . - - - - - - - - - - - - - -  
C A L L  READRA ( N W R K , M H A , l O , M A , I N D W R K , l O O ~  
N R A = M H A ( l )  
N C A = M H A ( 2 )  
N R P A = M H A ( 3 )  
N C P A t M H A ( 4 )  
N R L C = M H A ( 5 )  
N C L A = M H A ( G )  

I F  ( N C A  . N E .  1 )  

READ I N  M A T R I X  ( a )  HEADER . . . . . . . . . . . . . . . . . . . . . . . . .  
C A L L  READRA ( N W R K , M H B , l G , M S , I N D W R Y , 1 0 0 )  
N R B = M H B ( l )  
N C B = M H B ( 2 )  
N R P S = M H B ( 3 )  
N C P B = M H B ( 4 )  
N R L B = M H B ( S )  
N C L B = M H B ( G )  

I F  ( N R B  .NE.  N R A )  

C A L L  READRA (NWRKIINDRPA,201,1,MHA!9),2) 
CALL 2EADRA (NWRK,INDRPB,201,1,MHB(9),2) 

D E T E R M I N E  THE F I R S T  AND L A S T  VALUE OF ( A )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C A L L  READRA (NWRK, INDCPA,201 ,1 ,1N3RPA1201)  
C A L L  !?E!n?A (NWRK,AFIRST,l,!,INDCPA,201) 
C A L L  Z t A D R A  (NWRK,INDCPA,201,NRPA,INDRPA,201) 
CALL READRA ( P ~ W R K , ~ A , N R L A , ~ , J N D C P A ~ ~ O ~ ~  
A L A S T = S A ( N R L A )  

C 

c 
C 
C 

C 
C 

NEPROR= 1 
GO TO 999 

N E R R O R z 2  
GO T C  999 

W R I T E  HEADER ON N T A P E  
- - - - - - - - - - .  I-. - - - - - - -  

REWIND r u  APE 
W R I T E  ( N T A P E )  I R U N N O , I D A ? E , A F I R S T , A L A S T , A D E L T A , N C B , N R B ,  

+ ( BUF , I =  1 , l  C I 

C 

C 
I F  f I R P B  ,Ed. N R P B i  N R S B z N R L B  
C A L L  REARRA ~NWRK,INDCPA,201,IRPS,INDRPA,201) 
C A L L  RFADRA (NWRK,SA.NRSB,l,INDCPA,201) 
C A L L  READRA I N W R K , I N D C P B , 2 0 1 , 1 R P 5 , 1 N D R P B 1 2 0 1 ~  

C 

C 
C A L L  ZERO ( I N D C P Z , 1 , 2 0 1 , 1 1  

Ni; SB = K RC P R T 
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NELPG=NCSB*KRCPRT 

DO 30C J C P B = l , N C P B  

IF ( J C P B  .NE.  NCPB) GO TO 40 
NCSB=NCLB 
NELPB=NCSB*KRCPRT 

CALL ZERO (SB,NRSB,NCSB,KRCPRT) 
GO TO 6G 

C 

C 

C 
40 I F  ( I N C C P B ( J C P B + l )  .NE.  O! GC TO 50 

c 
5b CALL READRA ( N W R K , S B , N E L P B , J C P B , i N D C P B , 2 0 1 )  
60 CALL  ZERO ( I N D R Z , 1 , 3 1 , 1 )  

c 
DO 250 I = l , N R S B  
DO 240 c i= f ,NCSB 
ZA ( J ) = SB ! 1 , r l  ) 

CALL  WRITRA (NWRK,ZA,NCSB,I,INDRZ,3li 
240 CONTiNUF 

250 CONTINUE 
C 

C 

C 

C 

CALL  WRITRA (NWRK,INDR7,31,JCPB,INDCPZ,201) 

3OC CONTINUE 

DO 400 I = l , N R S B  
NCSB :KRCPRT 

DO 350 J C P B = l , N C P B  
I F  ( 3 C P B  . E O .  NCPB)  NCSB=NCLB 
JPOS= ( JCPB- 1 1 *KRCPRT+ 1 
CALL  READRA (NWR~,,INDRZ,31,JCrB,INDCPZ,201) 
CALL READRA (NWRK,ZA(JPOS),NCSB,I,INDRZ,31) 

WRITE (NTP4?E)  S A (  I ) , ( P A (  d ) , J = l , N C B ) , B U F  

350 CONTINUE 
C 

C 

C 

C 
c RESTORE MASTER INDEX ON NWRK 
c; 

400 CONTINUE 

500 CONTINUE 

- ----.  - - - - - - - - - - - - - - -  D . . - - - - -  

CALL S T I N D X  ( N W R K , I N D W i . Y , l O U )  
RETURN 

999 CALL ZZBOMB iGHLTOSEQ,NERROR) 
C 

C 
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